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FOREWORD 

Thir  report vas prepared by LTV Voußht Aeronautics 
Division of Llnc-Tor.ico-Vüucht,   Inc.,  Dallas,  Texas,  under Contract 
Nuaber AF  33(657 )-ll6it6.  Project Number '»107,  Task Number 1*10721. 
Tlie contract effort v;as administered under the coenizance of the 
Electronic   Warfare Divicion (AVW), AF Avionics Laboratory (AFAL), 

AFSC,  Wricht-Patterson Air Force Base,  Ohio.    Project monitor for 
the efi'ort was Mr.  Kennet!; W.  Foulke  (AVWC). 

^TniG report consists of two volumes. 
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RTD-TDR-63-42r.T VOLUME II 

ABSTRACT - VOLUME II 

Approximately 1500 nuclear radiation effects "Design 
Allowables" on electronic materials and parts were compiled to pro- 
vide a useful working tool for designing nuclear radiation tolerant 
telemetry systems. The radiation effects Design Allowable is a 
nuclear radiation environmental exposure under which the associated 
material or part Is expected to exhibit certain specified character- 
istic changes. The information presented does not include gii 
available data, but is felt to be representative of the current 
nuclear radiation effects state-of-technology. This data should 
serve as an aid in performing nuclear radiation effects analyses 
of currently available telemetiy systems and provide useful inputs 
for hardening such systems for use in a nuclear radiation environment. 

This technical documentary report has been reviewed and is approved. 

RONALD G. 3TIMMEL 
Asst Chief 
Electronic Warfare Division 
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1.0 HJTRODUCTION

The radiation effects information presented in this 
Volxme was compiled to provide a useful working tool for designing 
nuclear radiation tolerant telemetry systems. Most of the data was 
taken from the 92 different reports listed in the references. In­

consistencies in experimental conditions, variations in test ob­

jectives, and different methods of reporting test data make it 
impossible to give equal credence to each entry in the following 
tables. This should not detract from the usefulness of such tables, 
however, if the designer recognizes this fact and takes it into ac­

count in formulating his design goals. The Information presented 
herein will suffice to select nuclear radiation tolerant materials 
and parts to be \ised in a wide range of nuclear environments.

liils data, entitled nuclear radiation effects Design 
Allowables, is presented in a form that will give the designer a 
sunmary of extracted data on the behavior, stability and capabili­

ties of conqwnents and materials operating in a nuclear radiation 
environment without having to examine in detail numerous documents 
containing the results of irradiation tests on these components and 
materials. The term "Radiation Effects Design Allowable" is defined 
as the nuclear radiation environmental exposure under ^Ich the as­

sociated material or component is expected to exhibit certain speci­

fied characteristic changes. These specific characteristic changes 
are presented as the basis for the "Design Allowable." Hils infor­

mation cannot be interpreted as specific parameter variations for 
other materials or components made by the same or different manu­

facturers unless an accurate evaluation establishes the similarity 
of the two items. Materleil formulation, processing, quality control, 
fabrication techniques, parameter utilization, and environmental test 
conditions all have pertinent bearing on the data presented in these 
tables, hence, care must be exercised in its application.

Although both steady-state (Section 2.0) and pulse 
(Section 3.0) radiation effects information is contained in this 
document, the major effort (about 90 percent) has been devoted to the 
steady-state effects. This represents a logical division based cm 
the availability of useful information and the nature of the respec­

tive problems. The steady-state data readily lends itself to the 
tabular presentation used here and shoxild be most useful for design­

ing nuclear radiation tolerant telemetry systems. Ihe nature of 
pulse radiation effects and the lack cf good experimental pulse data 
on parts make this type of presentation extremely difficult to 
compile and use. However, when Section 3.0 is used in conjunction 
with the information presented la Section 2.0 of Volume I, it should 
serve a very useful purpose in giving the designer a feel for the 
primary piilse effects problems, the general type of experimental work 
which has been conducted, and sufficient source references to obtain 
additional Information as required.

Mr nurcrrvk. relcarcd b; „ne autiior January- 196I* for 
publicati-.:! as r:. FiTD Tecnnical Dcciar.cntar>- Report.
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The Information contained herein does not Include all 
available data but is representative of the current nuclear radiation 
effects state-of-techaology. Ninety-two documents were selected 
from a total of 800 reviewed. From the 92 documents 1500 radiation 
effects'Design Allowables"have been extracted, analyzed, compiled, 
and presented in a tabular form in this Volume. In general, the 
tables contain a description of the material or part, the nuclear 
radiation exposure to which it was tested,  the specific changes 
observed, and the source reference (Figure l). The following 
paragraphs further describe the specific information contained in 
the tables and discuss the general guidelines which were used in 
extracting and presenting the data. 

Components and materials are categorized under their 
general classification. Specific identification, such as manu- 
facturer, part numbers, functional rating values, element composition, 
basic use and other identifying remarks, are called out to the extent 
that this information is available in the referenced reports. Also, 
whenever known, the number of items irradiated are given. Manu- 
facturers are listed in alphabetical order under the specified 
material or component.  Under each manufacturer, the materials are 
listed in alphabetical order and the components are listed in as- 
ceDding functional rating value. The exceptions to these two types 
of listings are crystals and electron tubes which are listed in as- 
cending numerical order by part number identification. Materials 
and components for which the manufacturer is unknown are listed 
within the section under the heading of Miscellaneous. 

The"Design Allowables" are presented as previously de- 
fined. Selective "characteristic changes" observed during the 
irradiation and  the corresponding nuclear radiation levels at which 
they occurred are presented as the basis for the Design Allowables. 
If no defined exposure is given in this column, the percentage 
changes were assumed to refer to the total exposures presented in 
the "Design Allowable columns.  In most cases these changes are 
expressed in the percentage of change from the pretest value. 

I 
i 
I 

Table 
The exposure data presented In the"Design Allowable 

are based on the definitions given below; 

IJomenclature 

Thermal NeutronE 

Symbol Definition 

Neutrons whose energy are 
above   .023 ev.(E>.025 ev) 

Ep'.radmiun Neutrons no Neutrons whose energy is 
above the cadmlün cutoff, 
approximately O.k  ev. 
(E>.4 ev)    

.-ast Neutrons neutrons with energies 
greater than 0.01 Mev. 
(K>.01 Mev)  



Nomenclature. Symbol Definition 

4 

Neutron Flux      n/cm^-sec      The number of neutrons passing 
or through an imaginary sphere of 

n ^ one cm^ cross-sectional area in 
one sec. 

NeutrbnTExposurei..- n/cm^ or 
. '  ' or .   # .   nvt 
Time Integrated .Flux    ■ • 

The total number of neutrons 
passing through an imaginary 
sphere of one cm cross- 
sectional area in a specified 
time t. 

Gamma Dose- Rate, ergs/gm-(c)-sec The energy, in ergs, which would 
be absorbed from the gamma field 
by a gram of carbon per second. 

Gamma-.ExposureoDose ergs/gm-(C) Gamma dose rate times time. 

Proton. Exposure" a °" P/cm2 The total number of protons 
passing through an imaginary 
sphere of one cm2 cross- 
sectional area in a specified 
time t. 

For converting gamma exposures reported in roentgens to 
ergc/gn-(C), a nominal conversion factor of 100 was used.  In record- 
ing all nuclear radiation exposures only one decimal place accuracy 

. war, used. 

The 'Radiation Effects Reference Number refers to the 
source of information as listed in the references, Section 4.0, and 
the respective pages from which this data was extracted.  These 
references may be consulted for more detailed information if required. 

Additional information on the general effects of nuclear 
radiation on numerous materials and components, certain criteria 
for designing nuclear radiation tolerant telemetry syctems, and 
specific examples of the use of these tables in est.ab.ishing the 
nuclear radiation effects state-of-technology on telemetry systems 
are rjntained in Volume I. 

I 
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1.0 HJTRODUCTION

The radiation effects information presented in this 
Volxme was compiled to provide a useful working tool for designing 
nuclear radiation tolerant telemetry systems. Most of the data was 
taken from the 92 different reports listed in the references. In­

consistencies in experimental conditions, variations in test ob­

jectives, and different methods of reporting test data make it 
impossible to give equal credence to each entry in the following 
tables. This should not detract from the usefulness of such tables, 
however, if the designer recognizes this fact and takes it into ac­

count in formulating his design goals. The Information presented 
herein will suffice to select nuclear radiation tolerant materials 
and parts to be \ised in a wide range of nuclear environments.

liils data, entitled nuclear radiation effects Design 
Allowables, is presented in a form that will give the designer a 
sunmary of extracted data on the behavior, stability and capabili­

ties of conqwnents and materials operating in a nuclear radiation 
environment without having to examine in detail numerous documents 
containing the results of irradiation tests on these components and 
materials. The term "Radiation Effects Design Allowable" is defined 
as the nuclear radiation environmental exposure under ^Ich the as­

sociated material or component is expected to exhibit certain speci­

fied characteristic changes. These specific characteristic changes 
are presented as the basis for the "Design Allowable." Hils infor­

mation cannot be interpreted as specific parameter variations for 
other materials or components made by the same or different manu­

facturers unless an accurate evaluation establishes the similarity 
of the two items. Materleil formulation, processing, quality control, 
fabrication techniques, parameter utilization, and environmental test 
conditions all have pertinent bearing on the data presented in these 
tables, hence, care must be exercised in its application.

Although both steady-state (Section 2.0) and pulse 
(Section 3.0) radiation effects information is contained in this 
document, the major effort (about 90 percent) has been devoted to the 
steady-state effects. This represents a logical division based cm 
the availability of useful information and the nature of the respec­

tive problems. The steady-state data readily lends itself to the 
tabular presentation used here and shoxild be most useful for design­

ing nuclear radiation tolerant telemetry systems. Ihe nature of 
pulse radiation effects and the lack cf good experimental pulse data 
on parts make this type of presentation extremely difficult to 
compile and use. However, when Section 3.0 is used in conjunction 
with the information presented la Section 2.0 of Volume I, it should 
serve a very useful purpose in giving the designer a feel for the 
primary piilse effects problems, the general type of experimental work 
which has been conducted, and sufficient source references to obtain 
additional Information as required.
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CK27W1322(l4ia);; ,   ' 

?•■ f" ""   '. ,    ■.". 
■ ■ft-- .,..■ %      ' ■■ -,     . 

2000pf ■  '■•.       /■ 
CK6iyi52Z(l« ea)   ",■.. 

5200pf    .    ••... ;.-    , 
CKiivh72Z{U ea) 
}'.*   .      *•-•:-• 
0. Imf x 2Vf>  ' 
CR-90 
|Mil-C-11015A 

0.?5nf ♦. 205b 
C.<- ■ 

•■:  1-C-U   :5A(1  ea) 

2.8(10) 

,     ■•««?/?*« 

«•-'••'„  .i^" 

: .4     •' 
2V(10) 
?   .,\   % 

^:\ - 
6 .•2. (10) 

2.U  (10) 

2.6 (10) 

2.J4  (10) 

2.0, (10) 

*'  ••' 

672 (10) 

6.2  (10) 

7..a.(.i55)Hf1 
lEjO.röMev) 

o>    ■      . 5 

•   „ .•-' 
f *»   J.-> i'' 

l.J (I5)nf 
l.l"(45?)n£ 

l.f;'tl50ne) 

«»:2Ti6)s, 
(E>1 Mev) 

7.1* (lU)nel 

l*.3(^)ne 

5.5  (l'*)ne| 

1.9 (Ii«)ne| 

i*^ (16) 
(E>1 Mev) 

J..2  (16) 
(E>1 .'-tev) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Capac1tance(-11.2^) 
.at  1.29(l'»)nf 

'Capacitance^-S.^) 

tat>7:i(W)^*' 

äi^eakage^Hf-gg.^) 

•■■■■  ;^>;^^- '%^.: 

Capac itance(-l*3;2^) 
at-S.-VdV)^' ff-O 

Capacitance(-6. 5^ ) 
at 2.38(lV)rie;. .- ~-. 

Capac i tance ( ;25*S#) 
at U.BSdMnfXi   '•' 

'Capacitance(-13^) 
at I.9(ll»}ne 

Leakage R(-99.9*) 
at 1.65(l6)nf 

Leakage a(-99.95t) 
at  1.3(l6)nf 

RADIATION 
EFFECTS 

REFERENCE No. 

l»pU2 

l+plli2 

Ir8i4,87,685.'.. 

12p213 ' 

lpl27-,685 

-.     • ^ 
jLpl05,-685\.,* 

Ipl35, "685/.V 

Ipl2l-125,685 

12p208 

12p207 

• 
••   • • * 

• •    . 
v.- «»^ . 
•-.«H 

■m >.r % r* 
u .«.«•«. 

•> ^^ ^. 
'•-•:*.>•?••- 

* ^-^'i      • 
. rr*r • 

.♦•.: ^   •'»   . 
t-v 

••—,.t .     , 
- V 

•V, •   •'w'». 

-«'» L*« 



^ f&l • *'•   —-'..»^ •- (• ' «•* 

•«?.•*'•       * »•jei».^'" 

•• .♦» 
." •    «f.* *..'-.• 

-•     *    ^••»     *—  Hi.      !  • •    . 

NUCLEAR RADIATION EFFECTS DERION ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

Capacitors,   Ceramic 

DESIGN ALLOWABLES BASIS FOR 
DESICH 
ALLOWABLES 

RADIATION 
EFFECTS 

orgc 

PJn-(C) 

n 
REFERENCE No. 

cm " 

Centralab Division 

2.9 (10) 

1 

1.0  (I5)ne 

II                  * 

»Capacitance  (-10^) Ip3i»,685 ^Pf 
CC25CH^50J(1» ea) 

1500pf 
CK60Y'J21Z(J* ca) 

SOOOpf 

2.14   (10)' 

e           •• 

2.h   (I'b). 5:,5f(W)ne 

.at-,i4-.l8(lU)ne 

JCapaj: iktance ; ( -16. 556 ) 
Ät«»:lft.95('l'i)ne  . 

CapacÄit,anc.ei(rl6.5^) 

lpl27,685 

lpl35,685 
CK6lY152Z(l* ea) 

2300pf 

• 

2.6 (10) £.3X3:»' 
-&t1l4V33j(ll*-)rie- ;.   ;■■ 

felB^^l-Wne-V.- 
•lpl05,685 

CK27W152£(1* ea) •• . .^ Vv 
^..'; ^«1»» 

S.XOpf 
CK3'.yk-2Z{h ea) 

2.0   (10^ i^S lCapac.itance.j( -5..-5 >) 
g^l^^nfv....     ... lpl21-125,685 

• ;•« W^t V tL>Ä^n'v: •■- 
5200pf,   -oOji  to   -2C£, . 7.1 (i'cf) IfiV-'^U ̂ p?R(-.99.^T- 12p217 
T;,.-pe   CL   jr CF(l  ea 

•    4^4 $&& 

•t^iSge R(-^9:^) 

■ rt 

G.camf,  +30!4to .3056, 6.2 (iTi)' W$L 12p215 
D.F.   2&DnA-10l»(l ea) •* Eff3T53(ri5)f1f 

• »i*^4*;.- . 
3.Lmr,   '3056 t_,   -30^ 
DDA-lOt,   75-V(l ea) 

6.2   (^V, •Lfeakage R(-99.3St) 
*|t«8.5ö(l5)nf 

12p2l6 

•' ** „ mfyP' ^^^ ''>      ^^ O.Vr.Til-,   ■ JO^  t. :   -20^ 7.5   (10) 3^9 (16) . Loal;aGe  R(+l6.9S6) 12p219 
D,\  lO-JiT1*   (1 ea) -  0- E>l«Mev) at*e.l3(l6)nf 

- 

O 
* 

•        • .* 

. -. - 

*• 

C ,r:.ell.-I/u-   Lxr Eleo".: •i=  C.rp. 

14.2 (16) Lcakace  i<(-99. 3^) 12p209 l^Opf 6.2   (10) 
CD-White   (1 ea) (E>1 Mcv) a-, 3.53(15)nf 

l.OOlnf a. »»0^ 6.2   (10) U.2  (16) Leakace  R(-?9.9^) 12p211 
CD  (Black) (2 ca) (E > 1 I-5ev) a-.   0.53(15)^ 

I 
I 
I 
I 
0 

! 

I 

. 



i 

i 

I 

I 

I 

NUCLEAR RADIATION EFFECTS DE^IGM ALLOKABIES 

MATERIAL OR 
COMPONENT 

Capacitor,   Ceramic 

Erie  Resistor Corp. 

CC25CHl*50j(l4 ea) 

1500pf 
CK60Y321Z(^ ea) 

200Opf 
CK6iyi52Z(l4  ea) 

2300pf 
CK2'(Vl52Z(k ea) 

5200pf 
CK37W

1
*72Z(1J  ea) 

Litton_Systems,   Inc. 

50Opf 
BaTiJ3 Wafer(2  ea) 

2.9 (10) 

2.h   (10) 

2.1» (10) 

2.6 (10) 

2.o (IO;1 

DESIGN ALLOWABLES 

em-(C) 

L.O (I5)rie 

T.k  (li»)ne 

5-5 (HOne 

l».3(lJt)ne 

1.9 (lh)ne 

1.5(16) 
(E>2.9 Mev 

BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 

Capacitance (-0.1$) 
at 8.63(1»»)ne 

Capacitance (-11.55t) 
at 5.85(lU)ne 

Capacitance (-ll*,") 
at l*.5(llOne 

Capacitance (-9^) 
at 2.83(11* )ne 

Capacitance (-5.5^) 
at l,3(lU)ne 

Leakage R(-38.5^) 
) at U.59(15 )nf 

lp81«,685 

lpl27,685 

lpl35,685 

lpl05,685 

lpl21-125,685 

llp29 



NUCLEAR RADIATION EFFECTS DBSION ALLOV.'ASLES 

pnondaga Pottery Co. 

toOOpf (32005t(Temp. 
Sensitive )Type CH,Hi K 

•'-; * 

MATERIAL OR 
COMPONENT 

Capacitors,  Ceramic 

DESIGN ALLOWABLES 

ergs 

Bn-(C) 

6   (9) 

h.l (10; 

•  J 

..... 
.■'ti' 

. ...I. 
•     •• \'   * 

)\-..; 

■'■■"* 

.1 

l*700pf,>3os6 to .-205t 
600VDC,   Ceramic Disc 
(1  ea) 

.    ;• " ..(1 ea). 

jSprague Products Co. 

. *», • 
j-'^ 

■ i 

*'***. 

|6.2   (lOj'l 
> • .  / 

cm' 

2.1   (16)^ 

(Kvi.SMe 

2.k  (lk)ni 
(T:>0.5Mev; 

v» 

-*? 

(E>1 ^ev;) 

BASIS FOR 
DESIGN 
ALLO'v'ABLES 

Capacitjmce  (-21».65t) 
« 2 (16) nf 

Capacitance  (-^4^) 
at 1(13)nf 

!• 

Leakage R(-99.9*) 
at>9.5^(15)nf 

f 
leakage R(-99.95t) 
'at _1.65(16 )nf 

RADIATION 
EFFECTS 

REFERENCE No. 

ltplOO,133 

l*plOO,133 

-.'»■ 

12p2l8 

:; 
12p210 "'  ^-*- 

■ - . -Hi, -^rjr 

[ 

ü-'f JW :*. 

■j '.••■''4- ••"' ^ 

10 



/ 

i 

r 2.2 

2.2.2 

2.2.2.1 

CAPACITORS 

EISCTROLYTIC 

Aluminum 

NUCLEAR RADIATION EFFECTS. DESIGN ALLOV.'ABLES 

«"■*-« ^ 

MATERIAL OR 
COMPONENT 

Capacitors, 
Electrolytic (AL) 

DESIGN ALLOV.'ABLES 

ergs 

gm-(C) 

Bell Telephone Labs,   '. no. 

0.3mf,   35VDC 
Experimental  (3 ea) 

3mi-,   35VDC 
Experimental,(3-ea) 

4, ft-:     '».«.<■»■ *•- ' 

■»   '»i» 

' v Vi     ^" 
*.. 

rtiiüs   t»V^ 

Ä« 

2.6(l7)nf. 

2.6:(a7,)hf' 

''■■*   ' 

v*t $*'£$. 
<* 'r*- 

BASIS FOR 
.DESIGN 

...-■ ALLOS'ABLES 

..-..^ 
.Capacitancej(+65%) -- 
'atj.'2(l6)nf-.::'   ^v: 

«iCapacitänce  (-20^)/ 
«2fa*ilure,v'-'ir' 'k'-V.r ' 

&&&%* •':;'*£• 

f>,'^^/-ä 

RADIATION 
EFFECTS 

REFERENCE:No. 

I6pl67 *■■ 

i6pi67 

^- -^ '-"J 

11 



2.2 CAPACITOBS 

EIZCTROLTTTIC 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

r an s t eVl^Me t't&Sxrg i c^l 

v> 

-U^: 

co .v.?*:" 

1^1 

^V-:: 

^O.SMev). 

BASIS FOR 
DESIGN 
ALLOWABLES 

Capa*cltance (-lOjt) 

>•'■..••.• 

Capacitance  (-IO56) 
f.x ♦     • 

A.» 

35P 10.18-25 

35P IO.18-25 

RADIATION 
EFFECTS 

REFERENCE No. 

12 

i 
I 
I 
I 
:: 

D 
D 
0 
0 
B 
0 
! 

i: 
i: 
I 
11 

y 

u 



2.2 CAPACITORS 

2.2.2 EIBCTROLYTIC 

2.2.2.3 Tantalum 

NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

;.•*• '* 

% 

■«*. #•» 

* 
f* 

•r 

» 

- ■» 

I 

t 

'   > 

MATERIAL OR 
COMPONENT 

Capacitors, Electro- 
lytic fTantalum) 

DESIGN ALLOVABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
orgc 

Bm-(C) 
n 

an2 

f .>. - Astron Corp. 

9.0 (10 2.1 (16) 
(E>2.gMev) 

Capacitance-92 ea 
were out of toleranc 
No catastrophic 
failures.Tolerance 
threshold is 5.15(13 
nf >2.9 Mev & 
1.^75(8) ergs/gm-(c) 

ItSpll 
1 

l.Omf i 205t, dissipa- 
tion o^j TES-1M-25-20 
Mil-C-26655(USAF). 
(100 ea) 

•      9,.     ■**  " '*. 

i  ■*..■ V* ' 

.'•'•'-■.. -■<.- 

. Vv. 

' » . 

- •■ ■* .• 

... . ■   i.. If % . • 

Fansteel' Hetallurgica: 

/■v.:./-- 

..Corp. 

1.6(16) 
(E>0.5Mev) 

2 Failed 6.2(l5)nf 
Capacitance (-1%) 

35P 10.10-17 
•   • • 

■ 

20Bf, 35V ;•• • ••.•.■/■•;/ 
STA-377 (Tefl jrT-pacer ) 
(•ir.ea) •   ■•'•  /•/ . 

6?1»(10) 
••; * 
•>  • •• 
• 

>- ■#-■ 

20mf /--35 V. :.•..•  •■•.••* . 
STA377(modif led)(126.^ 

70mf, 10V  " •• '. 
STA357 (12  ea)'.-.  ■' 

6;ii(io) 

6.1.(10) 

1.6(16) 
(E>0.5Mev) 

1.6(16) 
(E>0.5Mev) 

2  Failed 6.2(l5)nf 

All good 
No failures 

35P 10.10-17 

35P 10.10-17 

General Electric Co. 

1.5(16) 
(E>0.1Mev) 

Capacitance (-9-35^) 
at 3.8(l3)nf 

32 Fig. 23 T5nif, 30VDC (Foil) 
(Minutemar.) (2 ea) 

• 
' 75af, 30VDC (Foil) 

(2 ea) 
1.5(9) 1(16) 

(EVD.lMev) 
Capacitance (-'.Jt) lOpllB 

13 



NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Capacitors,  Electro- 
lytic  (Tantalum) 

DESIGN ALLOWABLES BASIS FOR 
DESICa» 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

9a-(C) 

n 

c.^ 

General Electric  (Cont 'Al 
3.6(15) 
(EXJ.lMev) 

Capacitance  (+6.St) 
at 1.3(6)ergs/gra-(c) 
& 1(13)nf 

53 Fig 29 

B 
lOOOmf 50VDC 
Wet  Slug,  Hermeticallji 
Sealed.200Dl30-6ll3 
(3 ea) 

U.6(8) 

1 
il 
0 

PIT 

LOOnu- 20VDC 
aolid Tant.  Hermeti- 
rally Sealed  (l ea) 

1.5(9) L(l6) 
(E>0.1Mev) 

Capacitance  (+^) 10pll8 
B 
B 

LOOnf,   20VDC,   Solid, 
IS  (1 ea) 

6.5(15) 
(E>0.LMev) 

Capacitance  (+11.5^) 32 Fig.   23 

C 
L 

(ene t  Co. J 
jmf    50V 
C5H50D6  (11 ea) 

5.I»(10) L.6(16) 
[E>n.5Mev) 

1 failure at  U.l*(l5)n r35p 10.10-17 1 
.2inf,  iXOf,,   60 VDC 

:JR2J60K,  J Series 
Solid) 

7.6(9) 3.7 (15) 
rE>l Mev) 

leakage   n(-97.8^) 
at  1.8(15)nf 

12 p 201 

. 

L5mf.   75VDC 
a5JT5  (Solid Tant. ) 
9 ea)                                  | 

L(9) 7 (15) 
iEKKlMev) 

Capacitance   (-30jl) 
at 3(15 )nf  :  150bC 

10p 124 [ 

1 
Ik 

'. 



I 
I 
i 

i 

I 

I 
I 

NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

Capacitors, Electro. 
lytlc (Tantalum) 

Kernet Cont. 

15mf 75VDC S 850C 
K15J75 (10 ea) 

25mf, k3V 
K25HU5 (30 ea) 

35nif 0 6V 
K35H6D5  (12 ea) 

Sprague Products Co. 

UOraf,   50VDC,   hermeti- 
cally  sealed,   (foil) 
ll»3D  (2 ea) „  f- > ' > 

UOmf, 50VDC, H.S.'(foil 
lh2D  (2 ea) 

hOmf,   50VDC, H.S, 
(foil) ll*3D (2 ea) 

75»f, 30VIX (Hem. 
Seal) Etched foil, 
U3D (? ea) 

75iaf, 30VDC, double 
seal, Foil tant., 
222D (2 ea) 

75nif, 30VDC, double 
seal, Tant. foil, 
222D (2 ea) 

DESIGN ALLOV.'ABLES 

ergs 

Bm-(C) 

1.3 (11) 

6.U(10) 

1.5(9) 

1.5(9) 

1.5(9) 

1(16) 
(E>0.1Mev 

U.3 (16) 
(E>0.5Mev 

1.6(16) 
(E>0.5Mev; 

rS, 

1(-16) • 
(E>o:iMev; 

1(16-).^ 
(E>0";iMev) 

6(15) - 
(EX):lMev) 

1(16) - 
(E>0.1Mev) 

1(16) 
(E>0.1Mev) 

1.5(16) 
(E>0.1Mev; 

BASIS FOR 
DESIGN 
ALLOVABLES 

RAJI/vTION 
EFFECTS 

REFERENCE No. 

Capacitance (+11.2%) 

8 failed <1(16)nf 
\k failed between 
1(16) & 3.8(l6)nf 

Leakage R(large 
decrease) 3 failed 
at <l(l6)nf 

Capacitance (-Ujo) 

Capacitance (+17.5%) 
at 9(ll+)nf 

Capacitance (+10^) 
at 9(l1*)nf 

Capacitance (-U^) 

Capacitance (-U%) 

Capacitance (-9-3^) 

53 Fig. 28 

35P 10.10-17 

35P 10.10-17 

IQp 119 

32 Fig. 9 & 2U 

32 Fig. 9 & 2I4 

10p 119 

10p 119 

32 Fig. 23 

15 
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■v 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

n't I, J 
•I        • ik • 

> -. 

••*'- 

MATERIAL OR . \ DESICTI ALLOV.'ABLES BASIS FOR RADIATION 
COMPONENT 

Capacitors, Electro^ 

1 DESIGN 
ALLOWABLES 

EFFECTS 
REFERENCE No. 

ergs _ 
em-(c)* 

n 

- . • ,% ##     * ■• ** 

11.  s.  Semcor 
• .      '  %■     _   .' 

Lanf, loovDc    " '•-: 1.5(9); ui6x :v 
Capacitance (+21 #) 10p 119   . • 

rfet Tant.  SlugCl^ea)' (E>0".ilMev) at 5.5(15)nf ■ 

-JK* '      . 
■•' >>»> * 

* I»7ml,   100VDC 1-5.(9) ., 1.(16) ;'J. Capacitance (+125t) 10p 119   '.• 
imX Tont.  Slug(lvea)^, - (E>0.iMev) at 9(15)nf * 

UTmi-,   100VDC':-.sC-o-X* Lv5(l5i)'- Capacitjmce (+38^) 32 Fig.  9 & 21» , iet Temt.  Slug{l- ea)v (E>0;iWe'v) 
* • ■;.     •'<• . "'S. • '• 

4*'. 
•<•*■   .i» - 

' ■ -v .■.■■».'•. '    „•:■,'% ./-...>•V-. 
• ■ ■-'\,r«- ■ 

■ ..- ■♦■•v •.--  • - ;•'. « ■. 

w *, »■          >.■;     v >"• , .«•,."• <» •■ T.        <?.. 

Jt. 
- 

• 
'• 

*-     , 
■■»•■«•;•    .      ■> 

■■; rfestem ElecVrl^Cof* 

^'(io.)- 2.^(l7«)nf- Capacitance  (+55t) 15p 21,22 ÜOmf ,*-35VDc',;^olld''v -,'. 
rant., Hermetically »iT^ «^v>..>. at 1(16)nf 
Scale<iJ(J* ea) ; ^ *»;«*  ^-■' r .-•        • ^ 2 failed 

•♦ 

4 

. *..' *>* '• "- c« t 

*• • .;.-•*-.-f.. •*           ■ •- 

..   .:.- -H./.'^- ••>>•••;» •*i. ' 
"    * >*• ^v-» -     .-'■. 

■ r" *■•   -vX. 
i "   ä    .    ' v«^ . .          *   .  K 

• 

♦ 
*-■■'■■ 

16 

1 
1 
I 
I 
fl 

n 

! 

Q 

Ü 

L 

fl 

0 
0 
fl 

0 
f! » - 

i 
! 



•.«.••-. 

I 
! 

f 

i 

l 

I 
I 

2.2 

2.2.3 

CAPACITORS 

GLASS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Capacitor, Glass 

DESIGN ALLOV.'ABLES BASIS FOR 
DESIGN 
ALLOWABTiKS 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

Sm-(C) 

n 

cm2 

horning Glass Works 

7.6(9) 3.7 (15) 
(E>1 Mev) 

Leakage R(-78.^) 
at 2.08(15)nf 

12p 200 l*.7pf ± 5*, 300VDC 
Cy20C-lt72J 
tfil-C-112728 

1200pf 
CY15C122J (6 ea) 

3.1 (10) 1.1 (I5)ne Capacitance (+2.5^) 
at 2.3U(llt)ne 

lp 253, 687 

5100pf 
CY20C512J (6 ea) 

3.1 (10) 1.1 (I5)ne Capacitance (ft..3%) 
at 1.36(lU)ne 

lp259, 687 

O.Oanf 200VDC (k  ea) 

• 

5.6 (10) 2.1t(l7)nf Capacitance (+256) 15p 17, 19 

• 

Vitramon, Inc. 

7.3(9) 2.2 (l6)nf 

(E>0.i>Mev 

Capacitance (+1.551) 
at 8.lU(l5)nf 

l*p 119 20Opf, 500VDC 
CY13C20IJ-A 
(Vitreous Enamel) 

220pf, 3oovr»c 
CY.13C221J-A 
Vitreous Enamel) 

5.3(9) 1.6 (l6)nf 

[EX).5Mev) 

Capacitance (+2^) 
at 8(15 )nf 

l»p 119 

220pf, 500VDC 
(Vitreous Enamel) 
CyiTC221J-A 

7.3(9) 2.27(l6)nf 

[EX).5Mev) 

Capacitance (+2^) 
at 1.09(16)nf 

Up 119 

560pf, 300VDC 
(Vitreous Enamel) 
CyiT56lJ-A 

5.3(9) 1.6 (l6)nl 

(EX^.^Mev) 

Capaciueuice (^1.6jt) 
at 8(15)nf 

• 

Up 119 

560pr, 500VDC 
(Vitreous Enamel) 
Cy22C56lJ-A        ! 

2.8 (10) l.J»(lU)nf 

[E>J.',;'.ev) 

Capacitance (+O.W 
at 1.25(1'» )nf 

Up 12U 

17 



NUCLEAR RADIATION EFFECTS DESIGN ALLO'.-'ABLES 

MATERIAL OR 
COMPONENT 

Capacitors, Glass 

Vitramon Cont. 

560pf, 50OVDC 
(Vitreous Enamel) 
Cy22C56U-A 

isoopf, soovrc 
(Vitreous Snamel) 
Cy22C12aJ-A 

120Opf, 500VDC 
(Vitreous Enanel) 
Cy32C122J-A 

56oopf, 30OVDC 
(Vitreous Enamel) 
CY32C562J-A 

DESIGN ALLOWABLES 
ergs 

ßm-(C) 

6.0(9) 

3.1 (10) 

7.3(9) 

5.3(9) 

2.6 (10) 

2.7 (10) 

cm 

2.2 (l6)n: 
(E>0.5Mev) 

1.8 (liOn 
(EX).^Mev) 

2.2 (l6)nj 
(EXl.^Mev) 

1.6 (l6)n] 
(EXi.bMev) 

1.2 (llOn; 
(EX).5Mev) 

1.3 (lU)tv 
(E>0. 5MCV) 

BASIS FOR 
PESIGK 
ALLOWABLES 

Capacitance (+1.6£) 
at 1.0U(l6)nf 

Capacitance (+0.U^) 
at 7.Ml3)nf 

Capacitance (+1.5^) 
at '♦.3(l5)nf 

Capacitance (+25o) 
at 3.69(15)nf 

Capacitance (-0.5$) 
at 2.25(l2)nf 

Capacitance (+1$) 

RADIATION 
EFFECTS 

REFERENCE No. 

»«p 125 

I»P xa1» 

'»P 125 

fcp 125 

Up 128 

Up 128 

I 
I 
I 
I 
D 
;■ 

1. 

1 

1. 
1 

! 

I 

i 
r 
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2.2 

2.2.1» 

CAPACITORS 

MICA 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Capacitors, Mica 

DESICTI ALLOWABLES BASIS FOR 
PESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

ßm-(C) 

n 

cm   i 

Aerovox Corp. 

2.7 (10) 9.3(l
1»)ne Capacitance (-1.3%) 

at 7.68(llt)ne 
IP 91t, 685 200pf 

CCl*5CH201J (3 ea) 

6200pf 
CM35B622J (U ea) 

3.5(10) 1.1 (I5)ne Capacitance (-5.5^) 
at 7.97(11* )ne 

lp 11*3, 686 

(6 ea) 1.7 (11) 1.1 (15 )n« Capacitance (-1^) 5pl2 

O.lnf 
CM65B1014J (I4 ea) 

9.0 (10) 2.1* (I5)ne Capacitance (-5^) 5pl7 

Bendix Corp. 

1.3(9) 2.2(11») 
(E>0.5Mev 

Capacitance (O.Ojt) 
) 

35P 10.31* O.I2mf, 50CIVDC 
E-315, Hi-Temp 
"Samica" (6 ea) 

Centr&lab 

200pf 
CCl»5CH20U (3 ea) 

2.7 (10) 9.3(ll»)xif Capacitance (*10.5^) 
at 3.92(ll»)nf 

IP 9^, 685 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Capacitors, Mica 

Comell-Dubilier Elect rical Cor > 

62O0pf 
CM35B622J (U ea) 

O.lmf 
Q-\63C10i*J   (6 ea) 

Erie Resistor Corp. 

lOOpf 
CB11PX681G (6 ea) 

200pf 
CC145CH201J  (3 ea) 

oftOpf 
CI12IFXIOIG (6 ea) 

DES1CT ALLOWABLES 

ergs 

Rm-(C) 

3.5(10) 

3.k  (10) 

1.9 (10) 

2.7 (10) 

1.9 (10) 

1.1 (15 V 

1.1 (I5)nii 

6.1» (lUK 

9.3(l'*)ne 

6.1» (ll4)r 

BASIS FOR 
DESIGN 
ALLOWABLES 

Capacitance (-0.26£ 
at 1.13(15)ne 

Capacitance (-1.7£) 
at 1.05(15)ne 

Capacitance (-3.5%) 
at 5.35(l1*)ne 

Capacitance (-2%) 
at 7.68(11* )ne 

Capacitance (-1%) 
at 5.35(l1»)ne 

RADIATION 
EFFECTS 

REFERENCE No. 

ip 1U3, 686 

lp nk,  686 

lp 72, 685 

1 P 91», 685 

1 p 78, 685 

I 
I 
I 
I 
: 

0 

0 
i 

1 

20 
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NUCLEAR RADIATION EFFECTS DESIOH ALLOWABLES 

MATERIAL OR 
COMPONENT 

Capacitors, Mica 

Mlcamold" Radio.Corp. 

620Ppf«   • 
CM35B622J  (1* ea) 

Sprague Products Co. 

O.lmf 
CM65C10^J  (6 ea) 

" •  • • 

■■'■:• 

DESIOI ALLOWABLES 

orgs 

PJn-(C) 

S.5(10) 

3.h  (10) 

,i   ••• • ^ 

cm 

1.1. (l*50ru Capacitance {+0.265t) 
at 1.3U(lii)ne 

1.1 (15 )n« 

.'.'X-: 

BASIS FOR 
DESIGN 
ALLOWABLES 

Capacitance (-2.2^) 
at 1.03(15 )ne 

RADIATION 
EFFECTS 

REFERENCE No. 

Ip li»3, 686 

lp nk,  686 
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2.2 CAPACITORS 

2.2.5 MHAR 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Canacltors.  Mvlar 

Balco Research Labs 

0.5mf,  200vdc 
(?m-l(Zinc-Metali zed 
Mylar) (6 ea) 

Cornell-Dublller Elec 

0.25mf+20fy UODvdc 
STM (Nttnlroc) (6 ea) 

0.25mf+20^; UoOvdc 
MUF ( 6ea) 

Electron Products 
Dlv. Preco, Inc. 

36500pf>5*, 200vdc 
Dry Mylar        (3 ea) 

0.61«7rar+20^,  Dl8s.> 
O.^MyTar filjii & 
foil, E-120       (1 ea) 

O.Ira;",   20Ovdc 
(Metalized    Mylar) 
DG2-101«(IS)     (2 ea) 

(1 «) 

DESIGN ALLOWABLES 

ßm-(C) 

«».3(10) 

rlc Corp 

1.1(10) 

1.1(10) 

1.5(9) 

6.2 (10) 

3.9 (8) 

1.8 (10) 

cm 

l.Ji(l6) 
(E>0.5Mev 

2.7(15) 
(E>0.5Mev 

2.7(15) 
(E>0.5Mev 

1(16) 
E>0.1Mev) 

U.2 (16) 
(E> IMev) 

l.«i (15) 
(E>2.9Mev 

BASIS FOR 
DESIGN 
ALLOWABLES 

Capacitance(-2^) 

Capacitance(-2^) 

Capacitance(-2^) 

Capacltance(-15^) 
® U.5(l5)nf 

Leakage R(-99.7^) 
@ 1.65(l6)nf 

Leakage P(-90*) 
@ 2.8(6)erGs/gm-(c) 

Leakage R(-9'».6^) 

RADIATION 
EFFECTS 

REFERENCE No. 

22 

35P 10.26-33 

35p 10.25-33 

35P 10.25-33 

lOp 118 

12p 205 

12p 183 

12p 189 

I 
1 
1 
I 
:; 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV7ABLES 

MATERIAL OR 
CCMPONENT 

Capacitors. Mylar 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 
n 
cm2 

Electron con't 

7.6(9) 3.7 (15) 
(E> IMev) 

Leakage R(-96.1^) 
@ T.5(l3)nf 

12p 203 0.22nif ©UOOvdc +20^ 
Mylar film & foil 
EU22U(IS) 

0.22mf+20^, Diss<0.6^ 
Mylar film 
E-120, EU-22U (1 ea) 

6.2 (10) k.2  (16) 
(E>lMev) 

Leakage R(-98*) 
® 8.58(l5)Bf 

12p 20U 

0.68nif+l^, 200vdc 
Dry Mylar    (3 ea) 

1.5(9) 1(16) 
(E>.lMev) 

Capacitance(-7.35t) 
9 9(l5)nf 

10p 118 

Electronic Fabricator Lt 
Inc. 

0.5inf+10^, 200vdc 
Type MW Mylar 

2.2(9) 5.6(lU) 
(E>0.5Mev) 

Capacitance(-2^) 35P 10.26-33 

General Electric Co. 

3.6(8) 2.U(15) 
(ETO.lMev) 

Capacitance (<1^) 10p 122 0.039raf, 300vdc 
Dry Impregnated 
CTM 393VDK, 2^01* 
(3 ea) 

0.039mf 300vdc 
Dry Impregnated 
CTM 393VDK,2V10i» 
(3 ea) 

U.6(8) 3.6(15) 
(E>0.1Mev) 

Capacitance(+3.62%) 53 Fig 29 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR DESIGN ALLOV.'ABLES BASIS FOR RADIATION 
COMPONENT DESIGN EFFECTS 

ergs 

Bn-(C) 
n 
 1- ALLOS'ABLES REFERENCE No. 

Capacitors, Kylar cm 

Good-All Electric Mam facturin^ Co. 

Capacitance(+9.2*) Up 112 2200pf+20*, lOOvdc 5.3(9) 1.6(l6)ne 
663-üw" @ 5.U(l5)ne 

200vdc Capacitance(+10.'**) 
® 8(15)ne 

UOOvdc Capacitance(+8.55t) 
® 8(15)ne 

nOOvdc Capacltance(+1U.3*) 
@ 1.0l(l5)ne 

O.Ohlmf, oOOvdc 3.6(8) 2.M15) Capacitance(+2.28*) 53 Pig 29 
Dry Impregnated (E>0.1Mev 
663F        (3 ea) 

O.O^lmf, OOOvdc 3.6(8) 2.U(15) Capac1tance (-6*) 10p 122 
X663F       (3 ea) (E>0.1Mev 9 2(l3)nf 

0.05 nf, 50 vdc 3.6(8) 2.M15) Cap«citance(-T.2*) lOp 121 
Dry impregnated (E>0.1Mev @ 2(l2)nf 
X601PE (UU6) (3 ea) 

(3ea) U.6(8) 3.6(15) 
(EX). IMev 

Capacitance(-5.95t) 
at 2.U(l5)nf 

53 Pig. 29 

O.lmf, lOOvdc U.6(8) 3.6(15) Capacitarce(-9.3*) 53 Pig. 29 
Dry Impregnated (E>0.1Mev @ l(l3)nf 
6130 (10U9.1W2)(3 ea) 

(3 ea) 3.6(8) 2.M15) 
(E>0.1Mev; 

Capacitance(-1*) lOp 121 

I 
I 
I 
fl 

D 
I] 

n 
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i 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

L^''-y:f\ MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION 

^.' COMPONENT DESIGN 
ALLOWABLES 

EFFECTS 
f."  .•.';• • ergs n 

•               '"«.-( 
8B-(C) 

y KtüvEhENCK No. 
%i f.   •••;, v. jjapacltors •' Mvlar cm 

4 •••■ . • : • Good-All" con't 

»*.6(8) 3.6(15) Capacltance(-»-9.8^) 53 Fig. 29 \ (■■■'■■:■■■:■- O-.imf; .50vdc 
r    •..*.• Dry Impregnated (E>0.1Mev @ 2.U(l5)nf 8.3.6(8) 

ergB/gm-(C) 62TG (10U9.5W2)(3 ea) 

*. * 
O.lmf, 50vdc U.6(8) 3.6(15) Capacitance(-2.63^) 53 Fi8. 29 

1 Dry Impregnated (E>0.1Mev @ 3.2(6)ergB/gm-(cy 
2.l(l5)nf X60IPE        (3ea) 

0.1mf, 50vdc 
X601PE {kk6)        (3ea) 

3.6(8) S.M«) 
(E>0.1Mev 

Capacitance(-l^) 10p 121 

1 0.15mf, 50vdc 3.6(8) 2.M15) Capacltance(+2.5^) lOp 121 
f Liquid Impregnated (E>0.1Mev ® 2(l3)nf 

617G (15'»0-S)  (3ea) 

(3ea) U.6(8) 3.6(15) 
(E>0.1Mev 

Oapacltance(+3.1^) 53 Fig. 29 
@ 7.6(li)iif 

0.22mf+10^, 300vdc 1.1(10) 2.7(15) Capacitance(-2^) 35P 10.26-33 
BaAD-r663 VW (6 ea) (EX).5Mev Leakage P -1(3) 

1 0.3Bif, lOOvdc 3.6(8) 2.M15) Capacltance(-2.3?t) lOp 121 
Dry Impregnated (E>0.1Mev @ 2.1*(l5)nf 
663F       (3 ea) 

1 (3 ea) U.6(8) 3.6(15) Oapacltance(-7.15^) 53 Fig. 29 

i 
I 
1 
1 
1 

• 

■ 

• 

(E>0.1Mev 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV7ABLES 

MATERIAL OR 
CCMPONENT 

Hopkins EnglneerlngCo 

O.lmf, 200vdc 
P-12M (Metallzed Myla: 

O.lraf @200vdc+20^ 
P-12M(A03678-'5) (film 

0.12nif @20Ovdc+5^ 
P-122MFC (film! 

DESIGN ALLOWABLES 

gm-(C) 

1.9(10) 
) 

7.6(9) 

7.6(9) 

Plastic Capacitors,In^ 

0.01mf+20?t 
Impregnated vlth 
Stycast 
#62 
1^-103     (9 ea) 

Sprague Products Co. 

Imf HYDREL 
MIL-C-262Ui» (100 ea) 

1.6(11) 

9.1(10) 

n 

cm'1 

1.5(15) 
(E>2.^4ev 

3.8(15) 
(E>lMev) 

3.8(15) 
(E>lMev) 

7.6(14)ne 

2.2(16) 
(E>2.9Mev; 

BASIS FOR 
DESIGN 
ALLOWABLES 

Leakage R(-94.6^) 
® 5.2(8) erg8/gm-(c) 

Leakage R(-80.8^) 
@ 4.2(9) erge/gm-(c) 

Leakage R(-82.3^) 
@ 1.0(9)ergB/gm-(C ) 

Capacltance(+8.350 
Immediately 

Capacltance( small   '♦5p 11,19 
increase) ^ea 
failed 
Threshold of failure 
1.8U5(l5)nf>2.gMev 
& 8.'t95(9)erg8/gni-(C) 

RADIATION 
EFFECTS 

REFERENCE No. 

I2pl93 

12p 197 

12p 199 

2p 328 

I 
I 
I 
D 

:: 

Fl 
i; 

r 
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i 
i 
i 
i 
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2.2 

2.2.6 

CAPACITORS 

MZLAB & PAPBJR 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION 

COMPONENT 
Capacitors, Mylar & 

DESIGN 
ALLOWABLES 

EFFECTS 
ergs n 

REFERENCE No. p 
Paper gm-(C) cm^ 

Sangamo Electric Co. 

1(10) 100^ of all 70 p. 9^ O.lmf, CPM08 
iTpregnated with capacitors tested P» 10 
C16-18 alkyl biphenyl failed under a P- 1 
dielectric fluid(lOea voltage pulse of 200 

volt ® 1350C after 
a dose of 8(8)e/g-C 

) 

O.lmf, CPM08 1(10) 865t of all 70 p. 9U 
impregnated with capacitors tested P* 10 
Bi s ( Flienoxphenyl) failed under a P- 1 
Ether Dielectric voltage pulse of 200 ) 
Fluid (10 ea) volts @ IS?*^ after 

a dose of l(9)e/g-C 

O.lmT, CPM08 1(10) 6%  of all 70 p. 9"* 
impregnated vith capacitors tested ?• 10 
MONO ISOPROPYLBIPHENTf j failed under a P. 1 
Dielectric Fluid voltage pulse of 
(25 ea) 2000-V @ lypO  after 

a dose of l(9>/g-C 

O.lmf, CPM08 1(9) 57* of all 70 p. 9"* 
impregnated with capacitors tested P. 10 
Etherm "A" dielectric failed under a P. 1 
fluid voltage pulse of 

2000-V ® 1350C after 
a dose of 1(9) e/g-C 

O.lmf, CPM08 1(9) 50* of all 70 p. 96 
impregnated with capacitors tested P. 10 
Etherm "A" Dielectric failed under a P. 1 
fluid with U $ voltage pulse of 
inhibitor (lU ea) 2000-V 6 1350C after 

a dose of l(9Wg-C 
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NUCLEA.R RADIATION EFFECTS TESIGN ALLOWABLES 

1   MATERIAL OH     1 DESICTI ALLOWABLES BASIS FOR RADIATION 

COMPONENT 
Capacitors, Mylar & 

i DESIGN 
ALLOWABLES 

EFFECTS    i 
ergs 

Sm-Cc) 
n 

REFERENCE No. ., , ,_ 
Paper cm 

San^amo con't 

O.lmf, CPM08 Kio) 8$ of all capacitor« 70 p 96,10,1 
impregnated with tested failed under 
Bi 8(Phenoxyphenyl) a voltage pulse of 
Ether Dielectric 2000 volts @ ISS^ 
Fluid (50 ea) after a dose of 1(9] 

0.1m.f, CPM08 Kio) 62^ of all 70 p 96,10,1 
impregnated with capacitors tested 
Mono IsopropylBlpheny L failed under a 
Dielectric Fluid with • voltage pulse of 

2000-V 0 135 C after out inhibitor 
a dose of l(9)e/g-C 

O.lmf, CPM08 1(10) 30^ of all 70 p 96,10,1 
impregnated with capacitors tested 
Mono IsopropylBipheny L failed under a 
Dielectric Fluid with voltage pulse of 
Inhibitor 2000-V @ 1350C after 

a dose of l(9)e/g-C 

O.lmT, CFM08 1(10) XOf,  of all 70 p 100,1,10 
with Etherm "A" capacitors tested 
Dielectric Fluid failed under a 

voltage pulse0of 
2000vdc @ 135 C 
after a dose of 1(9) 
e/g-C 

O.lmf, CPM08 1(10) 100^ of all 70 p 98,1,10 
Impregnated with capacitors tested 
oversired inhibited failed under a 
FC-U3 Dielectric voltage pulse of 
fluid (Perfluorutrl- 2000volts (g 135 C 
butylamlne) (8 ea) after a dose of 

6.2(8)e/g-C 
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2.2 

2.2.7 

CAPACITORS 

PAIER 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Capacitors, Paper 

1 DESIGN ALLOWABLES BASIS FOR 
DESIOI 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

©n-(C) 
n 

cm* 

Aerovox Corp. 

3.3 (10) 2.7 (I5)ne Capacitance (-12.65t) 
at 6.2U(li»)ne 

1 P 185 O.laf + 20jt 
CPOJUOEEIO^ (3 ea) 

(3 ea) 2.6 (10) 1.1 (I5)n€ Capacitance (-20^) 2p 295, 286 

O.lmf 
CPOkAlKElOliM (3 ea) 

2.6 (10) 1.1 (I5)ne Capacitance (-11^) 
1 shorted 

2p 297 

(3 ea) 3.3 (10) 2.7 (15)IM Capacitance {-Ik.3%) 
at,3.95(U)ne 

lp 193, 686 

O.lmf 
CP25A1KF10UK (3 ea) 

2.6 (10) 1.1 (15)IM All failed 
2 shorted,  1 rupture 

2p 307 

O.5iof 
CP53B2FF504K (3 ea) 

2.7 (10) 1.3 (15 )n« Capacitance {-20.St) 
at 6.25(l1»)ne 

lp 219, 687 

0.5mf 
CP53Bir»5CAK  (3 ea) 

2.9 (10) 2.1» (I5)ne Capacitance (-32.351) 
at 2.13(U)ne 

lp 206, 687 

(3 ea) k.6 (10) 3.0 (15)n« Capacitance 
All 3 shorted out 
In pile. All had oil 
leaks at end of test 

2 p 316 

O.Jmf 
CPSSBIFFSO^K (3 ea) 

k.6 (10) 7.2(15)ne Capacitance (-16.5$) 
at 6.6(lU)ne 
2 shorted at 3.78 
(I5)ne 

2p 319 

l.Ctof 
CP63Bli»105K (3 ea) 

2.7 (10) 1.3 (15)n« Capacitance (-28j() 
at 3.36(H»)ne 

lp 229,  687 

10 mf 
CrrOEUSF106K (3 ea) 

2.7 (10) 1.3 (I5)ne Capacitance (-3J».5#) 
at 3.19(l,»)ne 

lp 2iiO,  687 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Capacitors,  Paper 

Aetron Corp. 

1.0 mf 
CP0aAlKE105M 
M11-C-25A (100 ea) 

DESIGN ALLOWABLES 

ergs 
gm-(C) 

8.1(10) 

Bendlx Co 
Scintilla DTV. 

0.1 mf 
E -  200 Impregnated 
with Polyester Resin 

Chicago Condensor    ' 
Corp. 

10-mf 
CP70E1EF106K (3 ea) 

1(9) 

2.7 (10) 

an 

1.8(16) 
(E>2.9 
Mev) 

1.3 (15)n« 

BASIS FOR 
DESIGN 
ALLOWABLES 

89 Failed Catastroph- 
ically. General capa- 
citance decrease, 22- 
had exploded, 59- 
shorted.Threshold 
tolerance-l. O^lU )nf 
>2.9 Mev& 3-92(8) 
ergs/gra-(c) 

lOjt of all capacitors 
tested failed under a 
voltage pulse of 2000 
volts @ 1350C 

Capacitance (-37.6^) 

RADIATION 
EFFECTS 

REFERENCE No. 

U5 p. 11-17 

70 p. 100 

1 p. 2l»5, 687 

30 

D 
n 

n 

fi 

! 

1 
1 
1 
1 
1: 



! 

I 
I 

i 
I 
I 

NUCLEAR RADIATION EFFECTS DESIGN ALLOV7ABLES 

I         MATERIAL OR DESIOI ALLOV,'ABLES BASIS FOR RADIATION 
COMPONENT DESIGN EFFECTS 

Capacitors,  Paper 
em-(c) cm^ 

ALLOWABLES REFERENCE No. 

Comell-Dubllier 
Elect.   Corp. 

0.1 mf 2.6  (10) 1.1 (15) Capacitance  (-13.7^) 2 p.  285,  286 
CPOUAlEE10l*M (3  ea) ne 8 1.11(15)ne,  1 

shorted 

0.1 mf 3.3 (10) 2.7 (15) Capacitance  (-12.65t) 1 p. 185, 686 
CPOl*AlEE10l+M (3  ea) ne @ 6.23(lU) ne 

0.1 mf 3.3 (10) 2.7  (15) Capacitance   (+l6.25t) 1 p. 198, 686 
CPOJ+ALKEIO^M (3  ea) ne @2.58(l5)ne 

0.1 mf 3.3   (10) 1.1 (15) Capacitance  (+17^) 2 p. 297 
CPO^AlXElOlW (3  ea) ne @ 1.11(15)ne,l openec 

0.1 mf 2.6 (lo] 1.1 (15) Capacitance   (-20.5^) 2 p. 303 
CP25A1 KF10J4K (3  ea) ne @ 5.8l  (1^4 )ne 

0.5 mf l».6 (10; 6.9(l5)ne Capacitancej   All 2 p. 321 
CP53BIFF50l*K (3 ea) failed -:-3(l5)ne 

0.5 mf 2.9 (10; 2.U (15) Capacitance  (-l85t) 1 P. 215 
CP53BlEF50l*K (3  ea) ne @ 9.9(ll4)ney2 shortec 

0.5 mf 2.7 (10; 1.3 (15) Capacitance  (-36.2^) 1 p. 225, 687 
CP53B2FF50l*K (3 ea) ne @ ?..19(lk)ne 

1 mf 2.7 (10: 1.3 (15) Capacitance   (-32.65t) 1 p. 229, 687 
CP63B1EF105K (3 ea) ne @ 3.36(l'One 

10 mf 2.7 (10 1.3 (15) Capacitance  (-31.9lt) 1 p. 2h9, 687 
CP70E1EF1O6K  (3  ea) ne 8 2.09(1'* )ne 



NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
CCMPONENT 

Capac itors,Paper 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 

n 
cn^ 

Crocker. Burbank 

L(10) Capacitance decreasec 
about 35t @ 250c & 
Tf, ®  125pc^D.F. more 
than doubled @ 250c 
& increased 6 times 
@125oc,I.R.(-3350 
@ 250c & (-12.5^) @ 
1250c. The paper 
was also weakened & 
shorted when voltage 
was applied. 

7Qp 32 

Paper, Inc. 

0.5mf, hOO vdc 
Metal clad tubular, 
Impregnated with 
refined Sun-XX oil 

Electron Products 

L.8 (10) l.Jt (15) 
(E>2.SMBV) 

Leakage R(-95.256) 12p 191 

Division,Preco, Inc. 

0.1 mf. 200 vdc 
(Metalized) MG2-101* 
(2 ea) 

(2 ea) 3.9 (8) Leakage R(-U4*) 
§ 6.88(6)ergs/gm-(c) 

12p 18U 

0.1 mf @ 200 vdc 
i lOjt (Metalized) 
encased in epoxy 
tube, ME2-10UE 
(Epicon) 

7.6(9) 3.7 (15) 
(E>1 Mev) 

Leakage R(-835t) 
@ 2.79(15) nf 

12p 202 

0.1 mf - 20f,,   DF<1^ 
Metali zed Paper 
Epoxj' Impregnated 
M150           (lea) 

6.2 (10) U.2  (16) 
(E> IMev) 

Leakage R(-99.9!l) 
0 1.65(16)nf 

12p 206 

0.1*7 mf, 200 vdc 
Metalized Paper, 
Epoxy impregnated , 
wrap & end fill, 
M2-17U 

1.8 (10) l.U  (15) 
(E>2.9Mev) 

Leakage R(-91*.7^) 12P 190 

(2 ea) 3.9 (8) Leakage R(-U^) 
!S 6.88(6;erg8/gm-(c) 

12p 18U 

.0 
0 
D 
D 
D 

I 

I 
I 
( 

I 
I 
D 
i 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Capacitor, Paper 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

ergs 

0n-(C) 

n 
REFERENCE No. 

cm^ 

Mlcamold Radio Corp. 

3.3(10) 2.7 (I5)ne Capacitance (+18.511) lp 180,686 0.1 mf 
CPOUAlEEIOl« M (3ea) • 2.6(15 )ne 

(3ea) 2.6(10) L.l (I5)ne Capacitance (+16.95^) 
®  1.11(15)ne 
1 shorted 

2p 286 

0.1 mf 2.6(10) L.l (I5)ne Capacitance (+21.631) 2p 298 
CP25A1KE104 M (3ea) ®1.11(15)ne 

0.1 mf 3.3(10) 2.7 (I5)ne Capacitance (+17.5^) lp 201,686 
CPOltAIKElO»» M (3ea) @ 2.6(l5)ne 

Sangamo Electric Co. 

1(10) Capacitance (-6^). 705? 30 0.1 mf 
CMP08 Factor of 2 increase 

in dissipation 
factor, factor of 
7 decrease in insu- 
lation R 

0.1 mf, Samica with 1(9) 305t of all capacitor« 7Qp 100 
C-oil solid impreg- tested failed under 
nated a voltage pulse of 

2000V © 1350C 

0.1 mf, Samica with 1(10) 205t of all capacitor« 70p 100 
mono-isopropyl- tested failed under 
biühenyl dielectric a voltage pulse of 
fluid 2000V @1350C 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
° \CCMPONENT 

Capacitor, Paper 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

KKFERENCE No. 
ergs 

ßm-(C) 

n 

cmy 

Sprague Products Co, 

2.6(10) 1.1 (15 )n« Capacitance(+2't. l^t) 
@ 6.8(lU) ne 
1 opened 

2p 285,286 0.1 mf 
CPCAAimoJlM (3 ea) 

(3 ea) 3.9(10) 2.7 (15 )t« capacitance (-17^) 
© 3.6(ll»)ne 

Ip 188, 686 

0.1 mf 
CP0J*AlKEi0i)M (2 ea) 

3.9(10) 2.7 (I5)n< capacitance (-l8.55t) lp 188, 686 

(3 ea) 2.6(10). 1.1 (15 )n. Capacitance (-21^) 
1 shorted 

2p 291 

0.1 mf 
CPOUAUfmOlJK (3ea) 

2.6(10) 1.1 (I5)n< Capacitance (-26.251) 
1 shorted 

2p 29U 

(2ea) 3.9(10) 2.7 (I5)n< Capacitance (-193^)© 
3.95(l'One 

lp 20'»,687 

O.lmf 
CPO'*AlKE10i*M (3 ea) 

3.9(10) 2.7 (I5)n« Capacitance (-18.1$) 
©6.05(li*)ne 

lp 193,686 

(3 ea) 2.6(10) 1.1 (15 )n« Capacitance(-28.55t) 
1 shorted 

2p 298 

0.1 mf 
CP25A1EF10UK (3 ea) 

2.6(10) 1.1 (15 )n« Capacitance ( - 28.5?t) 
1 shorted 

2p 311 

0.1 nf, 200vdc 
195P (Hyrel) (U ea) 

5.7(10) 2.1»(l7)nf Capacitance(-125t) © 
1.1(17), all failed 
from oirtgassing 

15P 17,20 

O.Ujiaf  @600vdc 
Hi Density paper 
impregnated with 
standard amount of 
Vitamin Q     (3ea) 

1.9(10) Paper deteriorated & 
capacitor burst due 
to outgassing of 
impregnant & paper, 
capacitance (-10!t) 

at »».38 (7)erg6/gm-(d 

55P 3, 11, 16 

0.1»7mf @600 vdc 
Standard paper im- 
pregnated extra 
full with Vitamin Q 
(S ea) 

5.8(9) Paper deteriorates & 
capacitor burst due 
to outgassing. 
capacitance (-Sjt) 
« l4.38(7)erg«/gm-(c) 

55P 3,11, 16 

!) 

D 
: 

D 
n 
i! 

r 
D 
I 

! 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
CCMPONENT 

Capacitors, Paper 

DESICT ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 

n 
cmy 

Sprefiue Con't 

O.Vfaf @60Ovdc 
Hi density paper 
impregnated extra 
full with VitaminQ 
(8 ea) 

1(10) Paper deteriorated 
due to outgassing of 
impregnant & paper, 
capacitance (-1.85t) 
at 2.26(7)ergs/gm-(a 

55P 3, 11, 16 

0.i»7mf 9  600vdc 
standard paper, 
standard Inpregnated 
vith ether 

1.9(10) Paper  gasses and 
becomes weak , 
brittle and flakey. 
Dissipation factor 
Increases several 
orders of magnitude. 
Capacitance (-135^) 

55P 3,11,17 

O.Vf of @600vdc 
standard paper and 
impregnated with 
standard ether 
(extra full) 

1.9(10) Paper gasses and. 
becomes weak, brittle 
and flakey.Capacitor 
ruptures due to o\t- 
gasslng of p?) er and 
ether.Capacitance 
(-13*) 

55P 3, 11, 17 

O.VTmf GöOOvdc 
Hi density paper 
and impregnated 
extra full with 
ether 

1.9(10) Paper gases and 
deteriorates. 
Capacitor ruptures 
due to outgassing 
of paper and ether. 
Capacitance (5.85t) 
© 2.26(T)erg6/gm-(C) 

55P 17 

•O.kjmf  @600vdc 
Hi density paper 
and impregnated with 
a standard load of 
ether 

• 

1.9(10) 

• 

Paper gases and 
deteriorates. 
Capacitor ruptures 
due to outgassing 
of paper and ether. 
Capac itance f -13. 3?t) 
Q2.26(T)ergs/gm-(c) 

55P 17 

0.5 mf 
CP53B2FP50UK (3 ea) 

* 

2.8(10) iMvh* Capacitance (-19.5^) 
Q 2.25 (iMne 

IP 225 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Capacitors, Paper 

Sprague Con't 

0.5iBf 
GPJSBUEyjoUK (3 ea) 

1 mf 
CP63BIEF105K (3 ea) 

lOmf 
CP70EIEF106K (3 ea) 

DESIOI ALLOWABLES 
ergs 

gm-(C) 

2.9(10) 

2.7(10) 

2.7(10) 

cm 

2.Ml5)n< 

l.Ml5)n« 

1.3(l5)ne 

BASIS FOR 
DESIGN 
ALLOWABLES 

Capacitance (-17.3$) 
@ 3.97 (ll»)ne 

Capacitance (-30.2^) 

Capacitance (-35.7^) 
@ 6.8{lh)ne 

RADIATION 
INFECTS 

REFERENCE No. 

lp 217,687 

lp 229,687 

lp 2^0,687 

I 
I 
0 

n 
n 

fi 

c 
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2.2       CAPACITOHS 

2.2.8     PLASTIC 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
CCMPONENT 

Capacitors, Plastic 

Bendlx Corp.. 
Cincinnati Dlv. 

300Opf+10^, 600vdc 
Experimental, Modlflep 
Poylstyrene Dlelectrl 

16 ea) 

Plastic Capacitors 
Corp. 

0.01mf+10^ 
Cellulose Acetate 
Dielectric,0G6-103 
(6 ea) 

0.02nif, Teflon 
Dielectric, TCT5-202 
(6 ea) 

Imf, OC6-105 (6 ea) 

Hopkins Engineering C :> 

0.1 mf 9 100 vdci 1$ 
Polystyrene dielectri 
P11PF 

DESIGN ALLOV.'ABLES 

Sm-(C) 

2.2(9) 

2.U(10) 

3.1(10) 

9.1(10) 

1.9(10) 

7.6(9) 

5.6(UO 
(E>0.5Mev 

1.3(l5)ne 

9.6(lU)ne 

2.U(l5)ne 

1.5(15) 
(E>2.gMev 

3.8(15) 
(E>1 Mev) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Capacltance(-2^ ) 

Capacltance(-8^) 
6 Failed - Shorted 

Capacitance(+lU^) 

Capacitance(+ll^) 
5 failed 

Leakage R (-96.95^) 
9 5.2(8)erg8/gm-(C) 

Leakage R (-87.5^) 
®  l.l(7)ergs/gm-(C) 

RADIATION 
EFFECTS 

REFERENCE No. 

35P 10.26-33 

2p 327 

2p 33? 

5P 71 

12 p 192 

12 p 198 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV7ABLES 

MATERIAL OR 
COMPONENT 

Capacitors, Plastics 

Sprague Products Co. 

0.3mf, lOOOvdc 
Polyester dielectric 
In dry metal can 
Type 65213 C* ©a) 

0.3nif, lOOOvdc 
Polyester dielectric 
with oll-fllled can 
Tjrpe 6521»*  (5 ea) 

Western Electric Co. 

O.O^mf 
Polystyrene dielectrl 
C* ea) 

DESlCaj ALLOWABLES 

ergs 

gm-(C) 

5.7(10) 

cm 

1.1(17) ^ 
(E>0.5Mev; 

1.1(17) i 
(E>0.5Mev; 

2.U(l7)nf 

BASIS FOR 
DESIGN 
ALLOWABLES 

Capacltance(-10$) 
1 failed 

Capacltance(-lO^) 
3 failed 

Capacltance(+8^) @ 
6(l6)nf, 1 failure 

RADIATION 
EFFECTS 

REFERENCE No. 

35P 10.39-43 

35P 10.39-1*3 

15p 17,18 

D 
0 
D 
fl 

f] 

li 
I 
I 

38 



r 
i 

I 

8.3 COAXIAL CABLES 

NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

Coaxial Cables 

DESICW ALLOV/ABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

em-(c) 
n 

2 
cm 

Amphenol-Borg 

1.3(9) 2.2(1»*) 
(E>0.5Mev 

Z  (/ 9-7*) 
Leakage   R increased 
by factor 100 

35 p 10.90 

Electronics Corp. 

RG-29/U Polyethylene 
(Amphenol ?^21-0l8) 

' "  S3»5 ohms 

RG 59/U Polyfoam 
Equivalent  (Amphenol 
#6?1-715) Z T3 ohms 

1-3(9) 2.4(14) 
(EX).5Mev) 

z (/ 31*) 
Leakage R fairly 
constant 

35 p. 10.90 

Andrews Corp. 

-1(11) Insulation R decrease 
factor~100 
VSWR 1.15:   1.26 
unable to maintain 
air pressure in cable 
due to silicone 
grease leak 

k p 8-15 Air Dielectric Type 
with  "Refrasl" 
insulator,   U3 ohms 
3/8" diameter (50ft) 

Prodelin,   Inc. 

RG-260/U 50 ohm 
"Spir-O-Line"     (3ea) 

7 (10) 6.1(16) 
(E>0.3Mev) 

Attenuation(/l3^) 
at,4.l(l6)nf, 
Z t 2 ohms 

31 p 173-189 

Raychem Oorp- 

RG-Ö/U Equivalent 
Polyolefin  (09-008R) 

2.5(11) 1.9(17) 
(E>1 Mev) 

Z(/7"£) at 2(l0)e/g-c 
Attenuation(/8.3^)at 
2.5(10) e/g-c 

30 p.  111-122 

RG-9/U Equi\'alent 
50 ohms, ftjylin  R(3ea 

7(10) 6.1(16) 
(E>0.3Mev) 

Attenuation(/ll^) 
at U.8(l6)nf 
Z /- 2 ohms 

31 p.  173-189 

39 



NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

Rockbestos Products 

Aircraft Cable, Hi- 
Temp, Fire Resistant, 
Ni Clad Cu Wire, 
Inorganic Barrier, 
Impregnated Teflon 
Jacket & Glass Braid 

MATERIAL OR 
COMPONENT 

Coaxial Cables 

Thomas A. Edison Indui tries 

Solid Dielectric "type 
Silica Dielectric, 50 
ohms, 0.170" diameter 
(h6  ft) 

DESIGN ALLOWABLES 

ergs 

gm-(C) 

3.7(10) L.9{15) 

cm 

ne[nsulation R decrease!. 
by order ■"■'100 

-1(11) 

Times Wire and Cable 

RG-SA/U Standard 
Hil-C-17 (3 ea) 

Miscellaneous 

RO-225/U 

Tefloo (60 ft.) 

2.7(11) 

2(9) 

1.9(17) • 
E>1 Mev) 

1(16) 
^>0.1 Mev] 

BASIS FOR 
DESIGN 
ALLOWABLES 

[nsulation B decrease! 
»y order -vlOO 
/SWR 1.05:1.11 

RADIATION 
EFFECTS 

REFERENCE No. 

60 ]*2, 36, 
46, 61 

h p8-l5 

Z (+10^) 8 5(8)ergs/g. 30 plll-122 
(Cl attenuation 
(t 4.76^) 

VSWR 1.09:1 
Tefloo cracked & 
soft 

10 p2U 

I 
I 
I 
: 

: 

0 

:; 

ho 
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COHHBCTORS, BXaCTRICAL 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
CXHPONENT 

Connectors, Electri- 

| DESK» ALLOWABLES BASIS FOR 
DESIGN 
AT.TOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 

n 
cm^ 

Ampbenol-Borg 
Electronics Corp. 

AN-3102A-12S-3P & S 
(lea) 

2.M8) Leakage I increased 
by factor «'lO^ 

lit p 11 

26-itlOO-32P 
32 contacts   (lea) 

2.2(10) 1.6(lU)ne R between pins 
increased by 
factor^lO^ 

5 P 129 

Bendix Corp. 

AN Hi-Temp Type 
(Scintilla Div) 
Mil-C-5015-C, 
Series K. 20 Amp, 
TOOvdc or 500vac, 
Glass-Bonded Mica 
and Silicone Rubber 

(6ea) 

1.4(9) 2.5(14) 
(E>0.5Mev 

Leakage R decreased 
by factor >10, 
not rec. for nuc. 
environments 

35 P 10.100 

HlX^CE-S-ifS 
(Bendix Special 
Blend rubber insert) 

(1 ea) 

1.3(9) 8.7(11)nf 
l(12)nt 

Insert swelled and 
Turned gray.  Good 
condition. 

8 p 113-120 

PT00SE-12-10P arvi 
PT06SE-12-10S 
(Neoprene Inserts) 

(3ea) 

1(9) 5.1(15) 
(E>0.1Mev 

Pin/Pin R decreased 
by order'~103 

10 p lUl 

PT 1H-1210P 
(hermetic Seal)(2ea) 

1(9) 5.1(15) 
(E>0.1I1ev 

Pin/Pin R decreased 
by order~lo4 

10 p 1U1 



NUCLEAR RADIATION EFFECTS DESIGN ALLOV7ABLES 

MATERIAL OR 
COMPONENT 

Connectors, Electrica] 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLFR 

RADIATION 
EFFECTS 

ergs 

-gm-(C) 

n 
REFERENCE No. 

^ 

Cannon Electric Co. 

CAOZHR-14S-55 4 5P 2.M8) Leakage I increased 
factor^lO^ 

1U p 11 
(1 ea) 

CAO2HR-20(2OO6-W+ )P 1-2(9) 1.8(15) Insulation Rdecrease 135 P 10.105 
11+ pins, ceramic in- (EX).5Mev) factor^lOO, No 
serts 

CA06HR-20(2006-410 S 1.2(9) 1.8(15) Insulation R de- 35 P 10.105 
Ik  pins, ceramic in- (E>0.5Mev) creased factor^100, 
serts no other failure 

DA-l^S & 15P-(C-7) 2MS) Leakage I increased 
by factor -^lO^ 

1U p 11 

(1 ea) 

HR iype      (1+ea) 6.2(9) 2.2(l6)iaf 
(K>0.5Mev) 

Contact R increased 
factor ^10 
All Survived 

h V 5h 

tt h.h{9) 2.2(14 )nf Contact R Changes 
from 7.8(-l+)-* 
63(-4), No change 
in insulation R 

72 p 78 

tf 3.8(10) 1.03(16)n£ Contact R Changes 
from 6.3(-1+JlOOO(-U)> 

No change in 
Insulation R 

72 P 78 

i 
i 
i 

i 

:; 

j 

: 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Connectors, Electri- 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION  I 
EFFECTS    1 

ergs 
gm-(c) 

n 
REFERENCE No. 1 2 

ein 

Deutsch Co. 

262DTKOO-12-10P and 1(9) 5.1(15) Pin/Pin R decreased 10 p lUO     1 
262DTK06-12-10S (E>0.1Mev) factor '■<.■' 100 
(Sillcone Rubber and 
diallyl phthalate 
Inserts)     (lea) 

Deutsch with 7-2(10) 4.8(16) Leakage R (-91.6^) 12 p 229 
silicone rubber (E>lMev) at 1.45(16)nf 
inserts 

Seal Corp. 

Hermetic glass type 7.5(10) 4.8(16) 
(E>lWev) 

Leakage R(-92.7^) 
at 1.8(l6)nf 

12 p 231 

Titeflex, Inc. 

H06-7-50S-9 Type 1.3(9) 8.7(11)nf 8 p 117 
with:  Rrv-90potting l(l2)nt Good condition 
with: PR1201-Q " 11     11 

with: Teflon (TFE)" Soft but o.k. 
(Not Rec. for use in 
Nuc. Environment) 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Connectors, Electri- 
cal   

Winchester Electronic. 

Inc. 

Winchester connectors 
with the following 
inserts:  Diallyl 
phthelate 

: Melamine 
Formaldehyde 

:Phenolic 
Formal dhyde 

DESIGN ALLOWABLES 

em (c) 

7-5(10) 

cm 

4.8(16) 
;E>lMev) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Leakage R(-90.9^) 
at 2,7(l6)nf 

Leakage R (-92.5^) 
at 1.8(l6)nf 

Leakage R(-99.2^) 
at 1.5(l6)nf 

RADIATION 
EFFECTS 

REFERENCE No. 

12 p 233 

12 p 232 

12 p 229 

I 
I 

D 
:i 
!l 

1 
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2.5 CORES.  COMPUTER 

NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
CCMPONENT 

Cores,   Computer 

iLngine^eTT!agr.etics C qrp 

EM § W30-2-1207 
Meig.  Metals 2A-8602 

Wire:     kO HF 
Potting:   Hysol 6620 
Cup:   22042-LA  (2 ea) 

EM #W29-2-1207 
Arnold Eng.6X53^052 
Wire:     kO HF 
Potting:  Hysol 6620 
Cup:   220U2-LA  (2  ea) 

EM #W  32-2-1207 
Mag.  Metals  75A-U602 
Wire:   27HF 
Insul:   HL l/2 Mil 
Mylar     (2 ea) 

EM rW31-2-1207 
Arnold Eng.2T5772R14 

Wire:   2^ 'IF 
Insul:      iiL l/2 MIL 
Mylar (P ea) 

DESIGN ALLOV.'ABLES 

Km-(C) 

6.7(8) 

6.7(8) 

U.8(15) 
E>0.1MEV 

U.8(15) 
(E>0.1MEV 

6.7 (8) 

6.7(8) 

3.3(l3)nf 

Vs  (/ 1,%) and I8 

(y 55-5 i) at 3-3 
(13) nf 

h.d (15) 
(E>n.lMEV 

4.6 (15) 
(E>0.1MEV) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Vs(/7.8^) at l.MliO 
nf,Is (fik&t) at 

Vs(/  5^) at l.k(lh), 
) ls{-32.ii) at 2.8 

(12) nf 

V    (-3-15^ and Is 
(/ 104,0) at k   (12)nf 

RADIATION 
EFFECTS 

REFERENCE No. 

10 p. 23, 163 

10 p. 23, 163 

10 p. 23, 163 

10 p. 23, i63 

«♦5 



2.6 CRYSTALS 

MUCLEA.R RADIATION EFFECTS DESIGN AI.LOV.'ABLES 

MATERIAL OR 
CCMPONENT 

Crystals 

DESIGN ALLOWABLES 

gm-(C) cm" 

BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 

CR-I6/U 

12(Xc "DT" Cut Quartz 3.6(10) 
in HC-5/U Holder 

James Knights Co. 
(2 ea) 

Midland Manufacturing " 
Co., Inc. 
(2 ea) 

Wright Electronics 
Inc. 
(2 ea) 

5.7(l3)nl 

CR-(XM-1T)/U 

ITMc Gold Plated 
Glass Holder (5 ea) 

(5 ea) 

8.8(9) 

3.6(12) 
p/cm^ 

Parallel Resonant Fiyq 
(-9^.1 ppm)@2.5(l3) 
Ser. Resonant Freq. 
(-128.3ppm)©1.2(l2) 

n 

n 

Parallel Resonant Fiyq 
(+l40ppB)®U.9(13)nf 
Series Resonant 
Freq. (failed) 

Parallel Resonant Frlq 
(failed) Series Res- 
onant Freq. (-538. Sppji) 
@ 1.2(l2)nf 

Freq. (- 0.880Kc) 

Freq.(- 0.087Kc) 

2 P769, 
660 

27 P^-15, 
A-8 

27 pA-10 

46 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Crystals 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
er^s 

gm-(C) 
n 

'P. 
cm 

CR-lB/U 

2.7(9) 7.M13) 
(E>2.9Mev: 

22 P3,59 5275KC +0.0005^, 
(12 ea) 

Scientific Radio Resonance Frequency 
Products,  Inc. (50 ppm) 

kHc Anti-resonant 3.6(12) Freq. (- 0.042Kc) 27 pl5,A.2 
Alum,  plated, metal p/cm2 

holder Y-Bar syntheti : 
quartz               (5 ea) 

13.025MC, Unpolished 3.8(10) 2.9(l%if 35 pA-73- 
Finish,  Compression 77 
Base 

Scientific Radio Frequency (-1355pi«i») 
Products Inc. (3 ea 

ITMc Alum.  Plated 
Anti-resonant,  Metal 

8.8(9) Freq. (- 0.875Kc) 
@ 6.5(7)ergs/gm-(C) 

27 P4-15, 
A-5 

Holder               (5 ea) 

(5ea) 3.6(12) 
p/cm^ 

Freq. (- 0.080Kc) 27 pA-6 

CR-19/U 

1.7(10) 2.l(l3)a 25666, 
769 

IMc  "AT" Cut HC-6/U 
Holder 

Jnmes Knights Co. 

(3 e») 

Parallel Resonant 
Freq.  (+46.551») @ 
2.3(12)nf, Series 
Resonant Freq. 
failed • l(l3)nf 

U7 



NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
CCMPONENT 

Crystals 

[ DESICW ALLOWABLES BASIS FOR 
DESICaj 
ALLd'fABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 
gm-(c) 

n 
™,2 cm 

CR-19/U (Cont.) 

1.7(10) 2.l(l3)nf Parallel Resonant Fn 
(-3U3.2ppn), Series 
Resonant Freq.(falle« 
@ l(l3)nf 

4. 

) 

2p666, 
769 

Midland Mfg. Co., 
Inc.    (2 ea) 

Scientific Radio 
Products, Inc. 
(Sea) 

1» 11 Parallel Resonant Fn 
(failed) ® 9.Ml2)nf 
Series Resonant Freq 
(-ll^.^ppn) 

q. 

Wright Electronics, 
Inc.,     (2 ea) 

tl 11 Parallel Resonant Fr« 
(+19.5PI«I) ® 5.2(l2)i 
Series Resonant Freq 
(-2217 ppm) 

q. 
f 

12Mc "AT" Cut Quartz 
»C-6/U Holder 

3.5(10) 2.l(15)ne 2 p672, 
769 

Midland Manufacturl 
Co., Inc.  (2 ea) 

ng " 11 Parallel Resonant Fn 
- failed @ 2.3(lJ*)nf 
Series Resonant Freq. 
- failed @ 2.3(lU)nf 

q. 

Scientific Radio 
Products Inc.(2 ea 

II 11 Parallel Resonant Frc 
(-4925ppni), Series 
Resonant Freq.(-39711 

q. 

pm) 

Sherold Crystals, 
Inc.       (2 ea) 

H H Parallel & Series 
Resonant Freq. - 
failed ® 3.3(l10nf 

Wright Electronics 
(2ea) 

n 11 Failed 8 3.5(l^)nf 

20Mc "AT" Cut Quartz 
HC-6/U Holder 

Wright Electronic! 
(2 ea) 

1.8(10) 

■ 

l(l5)ne 

Parallel Resonant Fre 
(failed 6 7.9(1^^) 
Series Resonant Freq 

I« 

< 

2 p769, 
680-689 

(failed® 7.5flUn^ 

Q 

] 
I 
1 
: 

[i 

il 

i; 

1 
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i 

i: 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
CCMPONENT 

Crystals 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 
n 

on* 

CR-23/U 

29.3 Mc,   "AT" Cut 
Quartz 

Midland Mfg.  Co. 
Inc.           (3 ea) 

2.3(10) 1.8(16) 
(E>0.3Mev) 

Preq.  (+60ppm) 31 plh-kö 

hOHc, AL. plated 
Crystals 

Midland Mfg.  Co. 
Inc.         (2 ea) 

3.2(10) l.Hl5)ne Freq.  (-U4.4ppn) 35 PA-9'» 

Scientific Radio 
Products. Inc. 
with following: 
(l) Au Electrodes, 
polished Quartz, 
metal  holder with 
compression base 
(2 ea) 

3.1(10) 2(l5)ne Freq.   (-1120 ops) 
® 1.6(18) ergs/gm-(c; 

35 pA-19-21* 

"      (2 ea) 1.9(10) 2.U(l6)ne Freq. (+2863 cps) tt 

(2)     Same as  (l) 
except standard 
base               (2 ea) 

" If Freq. (-27^3 cps) 
@ 6.7(l10ne 

35 pA-25-30 

"      (2 ea) 3.1(10) 2(l5)ne Freq.  {+22X6 cps) 
©5.7(9) ergs/gm-(C) 

n 

(3)    Sane as  (l) 
except unpolished 

(2 ea) 

It « Freq.   (-2861 cps)(S> 
U.8(l8) erg8/gm-(C) 

35 pA-31-35 

"         (2 ea) 1.9(10) 2.U(l6)ne Freq.  (+3773 cps) 
(8 2.l(l6)ne 

n 

(U) Same as (3) 
except standard 
base             (2 ea) 

ti tt Freq.  (-62? cps) © 
9.U(lU)ne 

35 pA-36-Uo 

-       (2 ea) 3.1(10) 2(l5)r>e Freq. (+1579 cpe) © 
6(9) erg8/gn-(c) 

n 

U9 



NUCLEAJ? RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Crystals 

DESIGN ALLOWABLES 

ergs 

gin-(C) 

CR-23/U JtOMc (Cont.) 

Scientific Radio 
Products, Inc. (Cent.) 

(5) Au Electrode^, 3.1(10; 
unpolished quartz 
plate, all-glass 
holder, vQ (2 ea 

(2 ea 

(6) Al Electrode^,1.9(l0) 
polished quartz 
plate, metal holder 
with compression 
base     (2 ea) 

(2 ea) 

(7)    Same as (6) 
except standard 
base (2 ea) 

(2 ea) 

(8) Same as (6) 
except unpolished 
plate     (2 ea) 

(2 ea) 

(9) AL Electrode^ 
unpolished plate, 
metal holder with 
standard base 
(HC-6/U)  (2 ea) 

(2 ea) 

can 

1.9(10) 

3.1(10) 

1.9(10) 

3.1(10) 

1.9(10) 

2(l5)ne 

2.4(l6)ne 

2.Ml6)ne 

2(15)ne 

2.U(l6)ne 

2(l5)ne 

2.Ml6)ne 

BASIS FOR 
DESIGN 
ALLOWABLES 

Freq.  (-1799 cps) 
@ 1.6(8) ergs/pi-(C) 

Freq.  {~67k cps) 8 
1.^(15)ne 

Freq. (-971 cps) 9 
9.k(lh)ne 

Freq. (-1268 cps) © 
1.8(8) ergs/gm-(C) 

Freq, (-61^ cps) 
® 1.8(18) ergs/gni-(C 

Freq.  (-93^ cps) © 
l.l(l6)ne 

Freq.  (+1259 cps) © 
2.1(l6)ne 

Freq. (-I670 cps) 9 
1.8(8) ergB/gB-(C) 

Freq. (+1137 cps) © 
6.M9) erg8/gB-(C) 

Freq. (-1226 cps) © 
l.l(15)ne 

RADIATION 
EFFECTS 

REFERENCE No. 

35 pA-lH-45 

35 pA-if6-50 

35 pA-51-55 

35 pA-56-60 

35 pA-61-65 

;: 

0 
Bl 
1 
: 

:; 

D 
D 
i 
i 
l 
! 

! 

L 

. 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

Crystals 

CR-23/U hOMc (Cont. 

Scientific Radio 
Products, Inc.  ( ;ont.) 

(10) Same as (9 
except all-glass 
holder T6^ (2 ea 

(2 ea 

45Mc, Al plated 
Crystals 

Midland Mfg. Co. 
Inc.     (2 ea) 

DESIGN ALLOWABLES 

ergs 

gm-(C) 

1 3.1(10 2(l5)ne 

M-23 

lU.27 Mc,  Ag plated 
Crystal, metal holdsr 

McCoy Electronic 
Co. (2 ea)       3.2(10 

3.2(10 1.4(15)ie Freq. (-25.2piin) 

l.U(l5)ne 

BASIS FOR 
DESICaJ 
ALLCT'fABLES 

Freq, (+1215 cps) 

Freq. {-Qlk cps) ® 
1.8(8) ergs/©B-(C) 

Failed to oscillate. 
One open -  circuited 

RADIATION 
EFFECTS 

REFERENCE No. 

35 1A-66-70 

35 pA-91» 

35 pA-91 

51 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Crystals 

CR-gVu 

25 Mc ±50 ppn, "AT" 
Cut Quartz In HC-10/l 
Metal Holder 

Midland Mfg. Co.. 
Inc.      (2 ea) 

Scientific Radio 
Products, Inc. 
(2ea) 

Wright Electronics 
Inc.      (2 ea) 

CR-25/U 

300Kc -100 ppn. Metal 
plated, "OT" Cut 
Quartz in HC-6/u 
aetal bolder 

Midland Mfg. Co., 
Inc.,     (2 ea) 

Sberold Crystals. 
Inc.      (2 ea) 

DESICTI ALLOWABLES 

ergs 

gin-(C) 

3.K10) 

1.7(10) 

cm 

2.l(l5)ne 
5.Hl3)nf 

6.l(lU)ne 
2.l(l3)nf 

BASIS FOR 
DESIGN 
ALLOWABLES 

52 

Parallel Resonant 
Freq. (failed) 8 
1.2(15)ne, Series 
Resonant Freq« (-21.1 
ppn) @ 1.9(l3)ne 

Parallel Resonant 
Freq. (+35.,♦ PP«), 
Series Resonant Freq. 
(-1^2.8 ppm) S 1.9(13»» 

Series and Parallel 
Freq.'s (failed) « 
1.2(15)ne 

Parallel Resonant 
Freq. (+688.3 ppm). 
Series Resonant Freq 
(+388.3 ppn) 

Parallel Resonant Fr iq. 
(+117.3 ppn)# Series 
Resonant Freq. 
(+122 pi») 
 L 

RADIATION 
EFFECTS 

REFERENCE No. 

2 p769, 690- 
697 

2 ifTG9, 
707 69S- 

i 
I 
: 

0 
0 
n 
n 
R 
0 
0 
c 
1 
L 
1 
I 
D 
!. 

I 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV/ABLES 

MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION 
COMPONENT 

Crystals 

DESIGN 
ALLOWABLES 

EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 
n 

cm* 

CR-25/U (Cont.) 
30OKc(Cont.) 

Wright Electronic 1, 1.7(10 6.l(lU)iu Parallel Resonant 2 P769, 698- 
Inc.     (2 ea) 2.l(l3)n: Freq. failed @ 1.3 

(l4)ne. Series falle 
on Insertion 

707 
1 

CR-2T/U 

833.33 Kc ±30 ppm 

Scientific Radio 
Products, Inc. 2.7(9) 7.M13) Frequency (l8 ppm) 22 p3, 59 
(12 ea) (B>2.9Mev 

3kO0  Kc ^30 ppm 

Scientific Radio 
Products, Inc. ft if M 

(12 ea)        ! 

53 



NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
CCMPONENT 

Crystals 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 
n 

an^ 

CR-32/U 

56.99MC ±3^ ppn 

Scientific Radio 
Products, Inc. 
(12 ea) 

2.7(9) 7.M13) 
(E>e.9Mev; 

Frequency (33 ppm) 22 p3, 59 

CR-38/U 

60Kc ±120 ppm. Metal 
plated, "WT" Cut 
Quartz, HC-13/U 
Metal holder 

James Knights Co. 
(2 ea) 

3.M10) 2.l(l5)n« 
5.it(13)nf 

Parallel Resonant 
Freq. (-83.3 PP«) @ 
3.5(l^)ne, Series 
Resonant Freq. 
(-121.6 ppm) 

2 p769, 703- 
707 

Midland Mfg. Co., 
Inc.,    (2 ea) 

11 It Parallel Resonant 
Freq. (Failed) @ 
1.5(15)ne, Series 
Resonant Freq. 
(-3^1.6 ppm) 

n 

Wright Electronic 
Inc.  ,  (2 ea) 

h      " II Parallel Resonant 
Freq. (Failed) @ 
1.5(15)ne, Series 

(Failed) @ 3.9(l1*)ne 

n 

8 
I 
I 
D 
n 
11 

fi 

1 

! 

W 
1 
I 
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NUCLEAR RADIATION EFFECTS DESIGN ALLCR-.'ABLES 

MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION 
COMPONENT 

Crystals 

PESIGH 
ALLOWABLES 

EFrECTS 

REFERETICi: No. 
ergs 

Rm-(C) 

n 

cm 

CR.3?/U 

200 Kc,   "OT" Cut 
Qviartz (unpolished). 
Vacuum Tube  Type Hol< er 

Bliley Electric 2(10) 1.5(16) Frequency (-lljppm) 31 pl4-lf8 
Co.                 (3 ea (EX).3Mev) 

250KC  ISO ppn @ 2500 
Metal plated  "CT" Cut 
Quartz,   Vacuum Tube 
Type Holder 

James Knights Co, 2.7(10] 9.5(l4)ne 
3.3(l3)nf 

Parallel Resonant 2 p769,  708- 
(4 ea) Freq.  (-68 ppn) @ Tl* 

l.U(lU)ne,  Series 
Resonant Freq. 
(-I03.6 ppo) @ 
1.8(lU)ne 

Wright Electronic s,       " 
II 

Parallel Resonant II 

Inc.               (2 ea] Freq.   (-I68.U  ppn») (s 
1.8(lU)ne,  Series 
Resonant Freq. 
(-126.8 ppn) 

55 



NUCLEAR RADIATION EFFECTS DESIGN AU/y.-'ABLES 

MATERIAL OR 
COMPONENT 

Crystals 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

Rm-(C) 

n 

cm 

CR-U7/U 

8.8(9) Frequency (-29 cps) 27 pU-15,A-2 i 

300 Kc, Fund. Freq. 
Gold Plating, Metal 
Holder Antlresonant 

(4 ea) 

(5 ea) 3.6(12) 
p/cin2 

Frequency (+3 cps) -    27 iA-15, 

CB-51/U 

| 13.025, Al Electrodes 
Standard HC-6/u, glas 
base, unpol1shed 

Scientific Radio 
Products, Inc. 

(3 ea) 
3.5(10) 2.2(l5)n« Frequency (-456ppo») 

@ 1.3(l3)ne 
35 pA-78-8i* 

CR-52/U 

15 Mc ±50 pi«n. Metal 
plated "AT" Quartz, 
HC-6/U, Metal Holder 

Midland Mfg. Co., 
Inc.      2 ea) 

3.9(10) 2.U(l5)rK Parallel Resona-.t Fr q.  2 p770, 
(failed) @ ^l(x-4)ne     715-723 

I 
I 
I 
T 

D 
W 
[\ 

D 
i 

I 

I 
I 

I 
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NUCLEAR RA!5L\TI0TJ EFFECTS DESIGM ALLOt-.'ABLES 

MATERIAL OH 
coMPorrsNT 

Crystals 

DESIGN ALLOWABLES BASIS FOR 
DESK» 
ALLOWABLES 

RADIAKCa 
EFFECTS 

REFERENCE No. 
ergs 

e»-(c) 
n 

en" 

CR-52/U (Cont.) 

15Mc (Cont.) 

Scientific Radio 
Products, Inc. 

3.9(io) 2.M15)IH Parallel Resonant 
Freq. (-1664 ppm). 
Series Resonant 
Fred. (-262 ppm) @ 
1.1(15)ne 

2 p770,715- 
723 

Sherold Crystals, 
Inc.      (2 ea) 

it II Series & Parallel 
Freq. (failed) @ 
2.1(14)ne 

» 

Wright Electronic 
Inc.      (2 ea) 

5* 
it II Parallel Resonant 

Freq. (-2042 ppm). 
Series Resonant 
(Circuit Malfunction 

n 

»a) 

IBMC, AU plated. 
Series Resonant, 
Metal Holder  (5 ea) 

8.8(9) Frequency (-lOOöcps) 27 p4-15, 
A-17 

(5 ea) 3.6(12) 
p/cra^ 

Frequency (-llU cps) 27 p4-15, 
A-19 

19.5MC, Al Electrodes 
Unpolished, Cooipressi 
bases 

1 
on 

Scientific Radio 
Products, Inc. 
(3 ea) 

3.8(10) 2.'4(iv)ne Freq. (-U18 cps) @ 
2.7(l1*)ne 

35 pA-85- 
89 

37 



NUCLEA.R RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

!           Crystals 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION      j 
EFFECTS 

REFERENCE No.  j 
erps 

Gra-(C) 
n 

2 cm 

CR-52/U (Cont.) 

50Mc ±50 ppm. Metal 
plated "AT" Cut 
Quartz in HC-6/u 
Metal Holder 

Midland Mfg. Co. 
|           Inc.             (2 ea) 

1.8(10; l(l5)ne Series & Parallel 
Resonant Freq,(fail4d) 
® 6.7(1^^6 

2 p770, 72UJ 
T3U 

j           Scientific Radio 
Products,  Inc. 
(2 ea) 

tt M Parallel Resonant 
Freq.  (-1392piin),     | 
Series Resonant Frei. 
(-1988ppm) 

"                          f 

Sherold Crystals, 
Inc. 

1          (2 ea) 

tl tt Parallel Resonant 
Freq. (failed) @ 
9,S(^)ne, Series 
Resonant Freq. 
(-2173ppa) 

It                         | 

Wright Electronii 
Inc. 
(2 ea) 

8 11 Parallel Resonant 
Freq. (-258OPIII1), 
Series Resonant 
Freq. (-l669piin) 

It                          | 

CR-53/U 

TOMc,   "AT" Cut Quart 
Au plated,  polished 
with Metal Compressi« 
Base 

m 

Midland Mfg. Co 
Inc.             (3 ea  | 

2.l(lo; 1.8(16) 
(B>0.3Mev) 

Frequency (+T6pi«n) 
One failed ® 1.2(l6)r [f 

31 P1U-U8 

58 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Crystals 

DESIGN ALLOWABUSS BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE Nc. 
ergs 

gm-(C) 
i    n 

cn^" 

CR-5VU 

60 Mc ±50ppm. Metal 
Plated "AT" Cut Quart 
HC-6/U Metal Holder 

James Knights Co. 
|   (2ea) 

3.5(10) 2.l(l5)ne Parallel Resonant 
Freq. (-26pifn) ® 
2.7(13)ne, Series 
Resonant Freq. 
(-29piin)®1.5(15)ne 

2 p770,735- 
7^5      | 

1   Midland Mfg. Co., 
Inc. 
(2 ea) 

ft If Parallel Resonant 
Freq. (-26ppm) ® 
l*.7(12)ne. Series 
Resonant Freq. 
(-50piin) ®  1.5(l5)ne 

H          j 

Scientific Radio 
Products, Inc. 
(2 ea) 

II If Parallel Resonant 
Freq. (failed) @ 
1.5(l5)ne, Series 
Resonant Freq. 
(-^2pi»n) ® 1.2(l5)n 

It 

Wright Electronic 
]          Inc. 

(2 ea) 

5,   " 
M Parallel Resonant 

Freq. (-4362piin), 
Series Resonant Freq 
(failed) @ 1.3(l5)ne 

It 

1 

75Mc t50ppB», Metal 
Plated, "AT" Cut 
Quartz, HC-6/u 
Metal Holder 

1    Midland Mfg. Co. 
i    Inc. 
'    (2 ea) 

3.7(10) 1.8(l5)n 
5.l(l3)nf 

Parallel Resonant 
Freq. (-110.5ppBi), 
Series Resonant Fr^o 
(+46.1ppni) @ 3.7(12) 

2 p770,71*6- 
752 

• 
1 

r       I 
59 



NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 
Crystals 

DESIOI ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

ergs 

Sn-(C) 
n 

REFERENCE No. 
cm^ 

CR-5h\J  (Coot.) 

734c (Cont.) 

Scientific Radio 3.7(10) 1.8(l5)n« Parallel Resonant 2 pTTOJkS- 
Products, Inc. 5.l(l3)nf Freq. (-nto-appO-e 752 
(2ea) l(l5)ne. Series Res. 

Freq. (-93O.3ppn0 ® 
8.5(l^)ne 

Sherold Crystals, it II Parallel Resonant n 

Inc. Freq. (-2750.6ppBi), 
(2ea) Series Resonant Freq 

(-2362.7piin) 

Wright Electronic <,      " 
II Parallel Resonant M 

Inc. Freq. (-2605.öpp"»). 
Series Resonant Freq 
(-3533.3ppn) 

85Mc, Al Plating, 8.8(9) Frequency (+8768cps) 27 P^-15, 
Sariea Resonant, Meta A-20 
Holder      (5 ea) 

(5 ea) 3.6(12) Frequency (-466cp8) 27 P^-15, 
p/cm2 A-23 

Q 

D 
i 

: 

: 

D 
Ö 

0 
1 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Cryetals 

CR-^/u 

UOMc *50ppD, Metal 
Plated, "AT" Cut Quarjz 
HC-18/U Metal Holder 

Midland Mfg. Co., 
Inc. 
(2ea) 

Scientific Radio 
Products, Inc. 
( 2ea) 

Sherold Crystals, 
Inc. 
(2 ea) 

Wright Electronic 
Inc. 
(2 ea) 

DESIGN ALLOWABLES 

ergs 

Sn-(C) 

3.1(10) 

CR-56U 

70Mc tfOmm,  Metal 
Plated, "AT" Cut Quan 
HC-18/U Submlniature 
Metal Holder 

Midland Mfg. 
Inc. 
(2 ea) 

Co., 3.7(10) 

l.l(l5)ne 
3.6(l3)nf 

1.8(l5)ne 
5.l(l3)nf 

61 

BASIS FOR 
DESIGN 
ALLOWABLES 

Series & Parallel 
Freq. (failed) 8 
5.6(l4)ne 

Parallel & Series 
Resonant Freq. (failed) 
9 5.6(l4)ne 

Parallel Resonant 
Freq. (,-6kl.&pp&). 
Series Resonant Freq 
(failed) 

Parallel Resonant 
Freq. (failed) @ 
5.6(l4)ne, Series 
Resonant Freq. (failed) 
@ 8.2(l4)ne 

Peu^llel Resonant Frdq.  2 p76o- 
(-27.9PI») @ 2(l2)ne     770 
Series Resonant Freq. 
(-10.5piin) @ 2(l2)nc 

RADIATION 
EFFECTS 

REFERENCE No. 

2 p770, 753- 



MUCLEAR RADIATION EFFECTS DESIGN ALLOV/ABLES 

MATERIAL OR 
CCMPONENT 

| DESIOI ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

ergs n 
Crystals gm-(C) cm' 

Kh^KKatilCi; Mo. 

CR56/Ü (Cont.) 

TO Mc (Continued) 

Scientific Radio 
Products. Inc. 
(2 ea) 

3-7(10) 1.8(l5)ne 
5.l(l3)nf 

Parallel Resonant 
Preq. (.2l»8lpi«), 
Series Resonant Preq 
(failed) 0 l(l5)ne 

2 p76o-no 

Sherold Crystals, 
Inc. 
(2ea) 

n H Parallel Resonant 
Preq.  (failed) 9 
4.2(14)ne. Series 
Resonant Freq.(failed 
§ 5.8(l4)ne 

m 

) 

Wright Slectronici 
Inc. 
(2ea) 

11 
> 

11 Parallel Resonant 
Preq. (failed) 9 
8.7(l4)ne, Series 
Resonant Preq.(falle« 
® 1.8(l5)ne 

n 

) 

CH-TVU 

U7.5MC, A« Plated, 
Glass Holder 

McCoy Electronics 
Co.             (2 ea) 

3.2(10) l.Ml5)ne Frequency (-29.8ppBi) 35 pA-91 

62.5MC, Ag Plated, 
Glass Holder 

McCoy Electronics 
Co.               (2 ea) 

11 n Frequency (-SO.^jjpn) n 

6z 

I 
I 
I 
B 
0 
0 
0 
D 
0 
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EELAY LIHES 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION 
COMPONENT DESIGN EFFECTS 

Delay Lines 
ergs 

gm-(C) 
n 

cn^ 
ALLOWABLES REFERENCE No. 

Coming Glass Works 

7.6(10) 5.7(16) Ho effect from radia- 31 P 239-263 100 p. sec 
Pb-Potash Glass Delay (B>.3 Mev tion observed at the 
Piezoelectric Ceramic time of instrumenta- 
Transducers, Type tion failure 9 1.5(l6) 
852798 S/H 32001 nf and 2(l0)ergB/gm- 
Coming Series C-Z (c) 
(1 each) 

General Electric Co. 

2.1(11) 6.8(16) Output - 95^ 30 p 157-162 2 p. sec 
Transmission Media le (B>1 Mev) « 3.16(16) nf (failed 
Nl Span C, magneto - 
strlctlve Type - 
Alnlco V «1 Nl Alloy 
Experimental  (l each) 

170 p sec 5.8(10) 5(16) Ho change in delsc 31 P 239-263 
Same ccmposltlon as E>.3 Mev) time.    Output signal 
2 u sec delay Line begins to degrade @ 
Experimental   (l each) 5.3(15) nf & 6(8) 

ergs/gm-( C) 

296 >» Sec 5.8(10) 5(16) Ho change i* delay 31 P 239-263 
TrannBlesion vire is (B>.3 Mev time.    Output (-50^) 
Hi Span 0, Ceramic 6 2.5(15) nf & 3.3(9) 
Transducer is PZT ergs/gm-(c) 
lype. Experimental 
(1 each) 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
CCMPONENT 

Delay Lines 

MB HectronlcB, Inc. 

1.0 l^ip  sec 
Z - UC tlOi,  500 vdc 
Attenuation (25* Max) 
Rise Tlae - 0.15 lisec 
Max., M11-C-15305A, 
Orade 1. Class B 
(6 each) 

DESIOI ALLOWABLES 

ergs 

em-(c) cm 

5.3(l6)  Delay tUae average 
(B>.5 MBV)(-2.3 i)»    Hec. for 

use In Nuclear 
BnvlronBent 

LASIS FOR 
DESIGN 
ALLOWABLES 

.- ~^JL 

RADIATION 
EFFECTS 

REFERENCE No. 

35 p 10.137 

I 
I 
I 

1 

Q 

"" 

D 
I 
r 
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2.8 DIBIZCTRIC HMBKtALS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Dielectric Materials 

DESIGW ALLOWABLES BASIS FOR 
DESIGN 
ATTOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 
gm-(C) 

n 

cmy 

EH Dupont De Nemours St Co. 

Ho effect noted 70 P30 Hjrlar Sheet, Type "C* 
Polyester 

1(10) 

Orion 1(10) Thickness (+l'tO£), 
Tensile Strength 
(-60^), Tooque Tear 
(-91.5*) 

70 p35 

Electrical Industrie i j Inc. 

Ho effects noted 70 p29-30 Compression glass 
end seals 

1(10) 

Hooker Chemical Corp 

Kio) 0.233 cc gas formed 
per cc of material 

70p23, 26 FS-5 (Trlfluorovlnyl 
chloride' polymer) 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Dielectric Materials 

Minnesota Mining & Mt i  Co. 

FC-43 (Perfluoro-Tri- 
butyl-amlne) 

DESIOT ALLOWABLES 

ergs 

gm-(C) 

1(10) 

Niemand Industries 

Kraft Paper Insulatois 1(10) 

Republic Foil Co. 

Aluminum Foil 

Steven. Paper Mill 

Kraft Dielectric 
Tissue 

1(10) 

1(10) 

BASIS FOR 
DESIGN 
ALLOWABLES 

0.18 cc gas foxned jjer 70 p23,28 
cc of material 

Paper becomes brittl|e 
and cracks on hand! log 

No effects noted 

Tissue becomes 
and cracked 

RADIATION 
EFFECTS 

REFERENCE No. 

70 p30 

70 p30 

brittle 70 p30 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Dielectric Materials 

DESIGN ALLOWABLES 

ergs 

gm-(C) 

Miscellaneous 

Bis (Phenoxyphenyl)   l(lO) 
Ether 

Chlorinated Blphenyl  l(lO) 
(Aroclor 123^  with 
added stabllzer of 
the quinone type) 

Etherm "A" (Mineral   l(lO) 
oil. Sun XX with add* 
stabllzer of the 
quinone type) 

Ethera "B" (Mixture   l(lO) 
of Polyhutene (Omit« 
32-X) and water-white 
mineral oll, stabilzep- 
of the quinone type) 

MonoiBopropylbiphenylj l(lO) 

n 

BASIS FOR 
DESIGN 
ALLOWABLES 

0.003 cc gas formed 
per cc of material 

0.0246 cc gas formec 
per cc of material 

1.97 cc gas formed 
per cc of material 

1.79 cc gas formed 
per cc of material 

0.0917 cc gas formec 
per cc of material 

RADIATION 
EFFECTS 

REFERENCE No. 

70 p28 

70 p28 

70 p28 

70 p28 

70 p28 
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2.9 GLASS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 1 DESIGN ALLOWABLES BASIS FOR RADIATION 

CCMPONENT 
Glass 

1 DESIGN 
ALLOWABLES 

BPFBCTS 
er^s 

eni-(C) 

n 
REFERENCE No. 3 

cm^ 

Coming Glass Works 

5.8(l8)nt All enclosures it9P.8, 11 Type 1723 
Alunino Silicate(^ea] o.k. but Gassy 

(5 ea] ?.2(l6)nt Badly discolored 
Questionable 
Reduction in stress 

49 p. 8, 12 

Type 7052 3.6(l8)nt Some enclosures h9 p. 6, 11 
No leads     (5 ea) leaky, all gassy 

Types 7056 7.5(l7)nt All enclosures o.k. 49 P. 11 - 
Enclosure with kovar but gassy 
leads      (5 ea) 

Type //yo Nonex 2.l(l7)nt Both cracked 49 p. 11 
under vacuum  (2ea) 

" In air   (2ea) 7.5(17)nt 1 cracked k9 P. 11 

" with Ni-W-Ni 
leads (5 ea) 5.8(l8)nt Some leakers 

all gassy 
49 p. 11 

B 
i 

I 
B 
D 
ii 

i 

i 

i 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Glass 

Kteble Glass Co.,Sub. 

Ovens- Illinois Glass 
Co. 

Type 51-26 
Boron-Free    (5ea) 

" Enclosures with 
Holy leads    (5ea) 

Type 57-529 
3% 8203      (5 ea) 

Type  58-20 
3* B2O3 

DESIGN ALLOWABLES 
ergs 

gm-(C) 

(5ea) 

an 

>.2(l6)nt 

5.8(l8)nt 

9.2(l6)nt 

9.2(l6)nt 

BASIS FOR 
DESICW 
ALLOWABLES 

Slight discoloration, 
Questionable Re- 
duction in stress 

All enclosures o.k., 
no trace of gas 

Some discoloration. 
Questionable re- 
duction in stress 

Some discoloration. 
Questionable re- 
duction in stress 

RADIATION 
EFFECTS 

REFERENCE No. 

k9 p.11 

k9 p. 8, 11 

k9 p. 8, 12 

k9 p. 8, 12 
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2.10       INDUCTORS !i 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABI.KS B 
MATERIAL OR 
COMPONENT 

Inductors 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
1 er^s 

gm-(C) 

n 
2 

cm 

1 
Arnold Magnetics Corj 

^.3(16) 
(E>0.5Mev) 

Induction (556) 
DC Resistance (10^) 
No damage 

35 P 10.139- 
141 

Type 3ÖU-3000 
3 by» Toroidal (12e8 0 

Ö 
Engineered Magnetics 
Corp. ö 

0 
Type G  357  (2 ea) 1(9) 6.3(15) 

(EX).lMev) 
Magnetizing l(-8.1^) 10 p 23, 162 

fl 
1] 
11 
D 
0 
IJ 

D 
I] 

.. .  ....   . . . 

11 
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2.11 IHSUIATIOW. BUSCTRICAL 

NUCLEAH RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 1 DESIOT ALLOWABLES BASIS FOR RADIATION 
CCMPONENT DESIGN 

ALLOWABLES 
EFFECTS 

1 ergs n 
llnsulatlon. Electrical   /c \ an' 

KKbKHENCL No. 

Dov Coming Corp. 

1.3(10) Shore A Durcneter 69 P23,3I DC-675 (Methyl Phenyl 
Polysiloxane Sillcone HardiieEs(+5^) 
Elastomer) compression set 

(+90*) 

Silastic 80   (3 ea) 4.1(16) Insulation R (failed 35 plO.96- 
Wire Insulation (B>0.5MBV; Cracked and brittle 100 

General Aniline & Fill Co. 

Luminous Transmlttan « 57 plO Gafite (Methyl Alpha- 3.2(8) 
Chloroacrylate) (-66*) 

11 
1(9) Tensile Strength = 

20* of original 
57 pl2 

n 
3(9) Flexural Strength = 

10* of original 
57 pl3 

11 1(10) Heat Distortion 
Temperature (-15*) 

57 pl^ 

• 



NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

General Blectric Co» 

DESIGN ALLOWABLES 

SE-361 (Methylvlnyl 
PolysUoxane) Silicon« 
Blastoner 

SE-551 (Mcthylphenyl 
PolysUoxane) Slllcone 
Elastomer 

1-975 (wire 
Insulation) 

XB-9003A (Wire 
Insulation) 

ergs 

gm-(C) 

1.3(10) 

1.3(10) 

can 

BASIS FOR 
DESIGN 
ALLOWABLES 

Klsh Industrieaj Inc. 

358G (Also for pottliv;) l(ll) 

1(11) 

U20A (Also for pottlni) l(ll) 

412M (Also for 
potting) 

If .1(16) 
(B>0.5Mev 

4.1(16) 
(B>0.5Mev) 

1.1(16) 
(B>0.5MBV) 

1.1(16) 
(B>0.5MBV) 

1.1(16) 
(K>0.5Mev) 

Shore A Duraaeter 
Hardness (+75^) 
CGnqxresslon Set - 
(+33^*) 

Shore A Duroaeter 
Hardness (+100^) 
Compression Set - 
(+21*00*) 

Insulation Resistance 
(failed) cracked and 
brittle 

Insulation Reslstanci 
(failed) cracked and 
brittle 

Large variation in 
volume resistivity 

No damage, good up t( 
l.l(l6)nf 

No damage, good up t< 
l.l(l6)nf 

RADIATION 
EFFECTS 

REFERENCE No. 

69P23, 31 

69 p23, 31 

35 plO.96- 
100 

35 plO.96- 
100 

35 plO.85- 
68 

35 plO.85- 
88 

35 plO.85- 
88 

i 
I 
I 
I 
D 

n 
1] 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Ingulation, Klectrlei 

Martlette Corp» 

Maraset 622-E 
(Also used for pottlnl) 

Marblette 3056 with 
Boron (Primarily used 
for neutron shielding 

DESIGN ALLOWABLES 

ergs 

Sn-(C) 

1(11) 

1(11) 

McDanel Refractory Po: tielaln C( rp 

AP 35 (Ceramic Alumlnla) l(ll) 
In a boiling dissolve - 
solution of IM Nitric 
Acid with 75 g/l Stalji 
less steel metal ccm- 
ponents. Material 
unaffected in this 
solution with no      1(12) 
velght loss. 

1.1(16) 
(E>0.5MBV 

1.1(16) 
(BX).5MBV; 

BASIS FOR 
DESICTJ 
ALLOWABLES 

Volume resistivity    35 plO.85. 
(+1900^), Dissipation  86 
factor (+1570^) 
Dielectric Constant 
(No change) 

Electrical character La- 35 plO.85- 
tics failed @ 1.5(15 |nf 86 

Impact strength - 
(••■39^)» Ccnpressive 
strength {+26%), 
Volume resistivity 
decreases by factor 

■100 

Impact strength - 
(+18.5£), Compressivs 
strength (<1^) 

RADIATION 
EFFECTS 

REFERENCE No. 

6k 515 

6k pl5 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR DESICW ALLOWABLES BASIS FOR RADIATION 

CCMPONENT DESIffll 
ALLOWABLES 

EFFECTS 
ergs 

gin-(C) 

n 
REFERENCE No. 5 

Insulation. Electrics] Ctfl 

Minnesota Mining & Mfi . Co. 

1.1(16) No damage, good up 
to l.l(l6)nf 

35 plO.85- Scotchcast 5 (also -1(11) 
used for potting) (B>0.5Mev) 88 

Scotchcast 212 (also -1(11) 1.1(16) No damage, good up 
to l.l(l6)nf 

35 plO.85- 
used for potting) (B>0.5»fev) 

Jtycalex 

1.2(10) Material becomes 33P2,8 Supramica 555 
brittle 

Urcalex Bobbin 2.2(11*) 
(E>0.5Mev) 

Warped 35 plO.123 

Pennsalt Chemical Cor 

1(10) Impact strength - 64 pl5 KYNAR (Polyvlnylldene 
Fluoride Resin) In 
boiling dissolver sol I- strength - (+4.2%) 
tion of IM nitric acii 
with 75 g/l stainless Kll) Impact strength (-27 )   " 
steel metal conponent • Conpressive strength 
Resistant to this (-37*), Volume 
solution but undergoe Resistivity decreaser 
slight velght gain by factor ** lo3 

I 
I 
I 
I 
D 
0 
0 
i; 

0 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR DESIOI ALLOWABLES BASIS FOR RADIATION 

COMPONENT 

Insulation, Electric 

1 DESIGN 
AT.TßWABLES 

EFFECTS 

REFERENCE No. 
ergs 

45m-(C) 
n 

cm2 

Phillips Petroleum Co ► 

Impact strength 6k pl5 MABISC (Hi-density 1(10) 
Polyethylene of Poly- (-4,3^), Compressive 
olefln Resin family) strength («^l^) 
In boiling dissolver 
solution of IM Nitric Kll) Impact strength(-85^ n 

Acid vlth 75 g/l stai i- Compressive strength 
less steel metal com- (0.0$), Volume resis- 
ponents. Resistant tivity decreases by 
to solution with no factor ^>^105 
weight loss. 

Raychem Corp. 

1.3(9) 8.7(ll)nf Survived in good 8 pll8 Modified Polyolefin 
l(l2)nt condition 

Rayclad Tubes, Inc. 

1.3(9) 8.T(ll)nf Survived in good 8 pll8 Thermofit Tubing 
(Modified Polyolefin l(l2)nt condition 
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MUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

Plexiglas 55 
(methyl Methacrylate) 

Slerracln Corp. 

MATERIAL OR 
COMPONENT 

Insulation 

Rohm & Haas Co. 

Xlectrlci isn 

DESIGN ALLOWABLES 

ergs 

(C) 

5(8) 

1(9) 

1(10) 

Slerracln 6ll 
Polyester 

41scellaneou8 

Dlallyl phthetate 
(in Winchester Plug) 

fiberglass Impregnated 
irlth Teflon 

1(10) 

7.5(10) 

1.3(9) 

cm 

Luminous Transmlttanci i 
[-33*) 

tensile strength(-10£ 

«•lexurea strength - 
LO* of original. Heat 
listortlon teiBperatun 
:-2o*) 

I*.8(l6) 
(B>llfev) 

3.7(11)nf 
L(l2)nt 

BASIS FOR 
DESIGN 
ALLOWABLES 

jumlnous transmlttanci 
52*), Tensile 

»trength (+20*), Flex 
iral strength (+5*), 
[eat distortion temp. 
(-20*) 

«ak R (-91*) « 2,7(1«) 
nf 

Survived In good 
condition hut has 
temperature limited 
»sa. 

RADIATION 
EFFECTS 

REFERENCE No. 

57 plO 

57 plO 

12 P233 

6 pll8 

D 
ii 
I 
D 
:; 

!! 
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I 
I NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

r MATERIAL OR 
OGMPONENT 

Insulation, Blectrlca. 

DESK» ALLOWABLES BASIS FOR      i 
DESIGN 
ALLOWABLES     1 

RADIATION  1 
EFFECTS 

REFERENCE No. 
erfi£ 

\-m-ic) 
n 

i cmy 

*"                 1 
Miscellaneous (Cant.) 

3.3(9) 8(l5)ne 

• 

Tensile strength 
(-600), Ultimate   ! 
Elongation (-55£) 

65 pio 
Table IV i 

i Fiberglass (Bpoxy 
coated) Insulating 
Sheet 

i» 3.1(11) 9(l7)ne Electrical Breakdown 
v (-90*) 

65 pio  | 
Table II | 

i 
Fiberglass (slllcone 
varnished) Insulation 
Sheet 

3.5(10) 8(l6)ne Tensile strength(-ll! 
Ultimate Elongation 
(97*), Electrical 
Breakdown V (-7*) 

«  65 plO 
Table H 
•Mble IV 

i 
a 

3.1(11) 9(l7)ne Electrical Breakdown 
V(-90*) 

65 plO 
Table II 

Hermetic Glass In 
Seal Corp. Connector 

7.5(10) k.8{l6) 
(B>IMBV) 

Leak R (-93*) § 
1.8(l6)nf 

12 P231  | 

Kraftpaper 
Insulating Sheet 

3.3(9) 8(l5)ne Electrical Breakdown 
V (-17*) 

65 P9 
Table II j 

i 

ii 
3.5(10) 8(l6)ne Electrical Breakdown 

V (failed). Tensile 
strength (-100*), 
Ultimate Elongation 
(-100*), All param- 
eters failed at this 
dose 

it 

i Melamlne, GP Red 
1077-RV22 Melma 

1.3(10) Material became 
brittle 

33 P2, 8 

Melamlne Formaldehyde 
In Winchester Connect 

7.5(10) 
jrs 

1*.8(16) 
(B>lMev) 

Leak R (-92.5*) « 
1.8(l6)nf 

12 p232 

Mica (Reconstructed) 
Slllcone Treated 
Insulating Sheet 

3.3(9) 8(l5)ne Tensile strength 
(-80*), Ultimate 
Elongation (-80*) 

65 pio  ! 
Table IV i 

II 3.1(11) 9(l7)ne Ho effect on electrli 
breakdown voltage 

65 p9 
Table II 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Insulation, Electrical 

DESICTI ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 

n 

^ 

Miscellaneous (Cent.) 

1(9) 

1(11) 

Compression Set 
(+38^) 

Compression Set(+100 

U6 pl9 Neoprene WRT 
U5.5* ty weight 
Vulcanlzate 

n 

Phenolic, GP Black 
#1&5  Reslnox 

1.3(10) Material becomes 
brittle 

33 P2, 8 

Phenolic, GP Black 
ES 02U 03 

1.3(10) Material becomes 
brittle 

33 p2, 7 

Phenolic Formaldehyde 
in Winchester Connect 

7.5(10) 
irs 

U.8(16) 
(E>lMev) 

Leak R (-99.2^) ® 
1.5(l6)nf 

12 p229 

Polyester Enamel with 
Oil-modified Phenolic 
Varnish, Magnet Wire 
Insulation 

1.3(10) Thermal life (-16^) 
@ aoooc 

63 P7 

Polyester Enamel 
(Modified) with Oil- 
modified Phenolic 
Varnish, Magnet Wire 
Insulation 

1.3(10) Thermal life (+10^) 
@ 200oC 

63 P7 

Polyethylene 
Insulating Sheet 

2.5(8) 6(l4)ne Tensile strength 
(no change), Ultlmat 
Elongation (-2U^) 

65 plO 
Table IV 

" 3.5(10) 8(l6)ne Electrical breakdown 
V (-15%) 

65 P9 
Table II 

11 3.1(11) 9(l7)ne Electrical breakdown 
V (failed) 

■i 

Polyethylene Disks 1.3(10) Volume (-O.OlW 13 Pi9 

11 3.1(10) Thickness 0.025" to 
0.125", Diameter 
1.33" to 0.55" 

13 p22, 2h 

Polyethylene 1.6(9) Viscosity Increases \ 
factor --' 103, Shore A 
D. Hardness {+22.5+) 

y      13 p29, 28 

I 
I 
I 
a 
Q 

l\ 
II 
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MUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

[nsulatlon. Electrical 

»tiscellaneows (Cont.) 

[»olyethylene 
Perephthaiate 
[nsulating Sheet 

Polyfluoroethyl- 
Propylene (p^P 
reflon) Insulation 
Sheet 

MATERIAL OR 
COMPONENT 

Polytetrafluoroethylei^e U.7(8) 
(TFE Teflon) 
[nsxilating Sheets 

2.5(8) 

3-3(9) 

Polytetraf luoroethyleire 1. 3( 9) 
(TFE Teflon) Wiring 
insulation 

Polytetrafluoroethyleije U,7(l8] 
(TFE) Tubing 

Polytetrafluoroethyleqe 
Enamel with Sillcone 
Varnish, Magnet Wire 
Insulation 

Polyurethane- 
Fiberglass Insulating 
Pube 

DESICW ALLOWABLES 

ergs 
gm-(C) 

3.5(10) 

3.1(11) 

2.5(8) 

3.5(10) 

3.H9) 

2.5(9) 

5(11) 

cm 

8(l6)ne 

9(l7)ne 

S(l^)ne 

8(l6)ne 

U(lU)ne 

6{lk)ne 

8(15)ne 

8.7(ll)nf 
l(l2)nt 

4(11* )ne 

U.5(l5)ne 

5(l7)ne 

BASIS FOR 
DESIGN 
ALLOWABLES 

Tensile 8trength(-524) 65 plO 
Ultimate elongation 4 Table IV 
0$ of original, Elec 
trlcal breakdown 
V (-iMt) 

Electrical breakdown 65 p9 
V = O^t of original Table II 

Tensile strength(-60^) 65 plO 
Ultimate Elongation Table IV 
(-655t) 

Electric Breakdown 65 p9 
V (-9^) Table II 

Tensile strength & 65 plO 
Ultimate Elongation Table IV 
= 0%  of original 

Electric breakdown 65 p9 
V (-53*) Table IT 

Electric breakdown 65 p9 
V = 0* of original Table II 

Brittle and powdery 8 pH7 

Breakdown V (-53*)      65 p9 
Table III 

Breakdown V (failed) 

Zero thermal life       63 p7 

Tensile Btrength(-Uo^i)  65 plO 
Ultimate Elongation    Table V 
(-35*), Electric 
Breakdown V(-68*) 

RADIATION 
EFFECTS 

REFERENCE No. 
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KUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Insulation. Electrical S"1- (c) 
sceSaneous  (cont., 

foxyvmyj. CSEBrEB 
(PVC) lO^oc Tubing 

DESIOI ALLOWABLES 

irgs 

5(11) 

Polyvinyl Formal 
Enamel with no Varniai 
Magnet Wire Insulatlo: i 

Silicone Enamel with 
Silicone Varnish, 
Magnet Wire Insulatio i 

Silicone Rubber in 
Deutsch Connector 

Silicone LS-53 
(Fluorinated Methyl/ 
Tri-Fluoropropyl) 
T6.95t by weight 

Silicone Resin- 
Fiberglass, Insulating 
Tube 

Viton A (Vinylidene 
Fluoride/Hexafluoro- 
propylene Copolymer) 
70% by weight 

Silicone Rubber 
(Extruded) Tubing 

5(l7)ne 

2.1(10) 

1.3(10) 

7.2(10) 

1(9) 

1(11) 

3.M9) 

5(11) 

1(9) 

1(11) 

3.M9) 

3.6(10) 

5(11) 

4.8(16) 
(E^-lMev) 

l|(l5)ne 

5(l7)ne 

Ml5)ne 

U(l6)ne 

5(l7)ne 

BASIS FOR 
DESIGN 
ALLOWABLES 

Tensile strength and 
Ultimate Elongation 
failed at this dose. 
Electric Breakdown 
V (-68^) 

Theimal life (-13^) 

Thermal life (-11%) 

Leak R (-91.6^) @ 
9.5(l5)nf 

Compression Set 
(+77*) 

Compression Set 
(+108*) 

Tensile strength 
(-11*), Ultimate 
Elongation (-20*) 

Electric breakdown 
Voltage (no change) 

Compression Set(+8'** 

Compression Set 
(+105*) 

Tensile strength 
(-26*), Ultimate 
Elongation (-62*) 

Electrical Breakdown 
v (-in*) 

Breakdown Voltage 
failed at this dose 

RADIATION 
EFFECTS 

REFERENCE No. 

65 plO 
Table V 

65 P9 
Table III 

63 P7 

63 P7 

12 p230 

46 pl9 

65 plO 
TTble V 

65 P9 
Table III 

k6 pl9 

65 plO 
Table V 

65 P9 
Table III 

ii 
I 
I 
D 
0 
D 
D 
n 
r 
r 

1 

0 
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1 
2.12 LAMIMAIBS 

f MUCLEAR RADIATION EFFECTS DESIGN ALLOWABI.KS 

r MATERIAL OR 
CCMPONENT 

Laminates 

DESIGN ALLOWABLES BASIS FOR 
DESICai 
ATimABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 

n 

r on* 
1 

American Cyanamid Co 

9-3(9) 1.2(15) 
(E>2.9Mev) 

Hadulus of Elasticit r 25 p • 
(/l.7«.), Tensile 
strength(A.2^)                ! 

i AC-4232 (Polyester 
Resin-Glass Fabric) 

AC-4232 (Polyester 
Resin-Asbestos 
Fabric) 

Coast Mfg. and Supply 

9-3(9) 1.2(15) 
(E>2.9Mev] 

Modialus of Elastici- 
ty^/^.5^), Corapressl 
Strengtn (^3.9^) 

25 P 8 
on 

Co. 

CTL-91 T.TI 
laminate 

8.3(11) Tensile Strength 
(-1*3#), Compressive 
Strength (/57^) 
FLexural Rigidity 
(Ao^) 

56 pl9 

DC-2106 
Plastic Laminate 

2.5(11) Compressive Strength 
(-25*) 

56 p 20 

ti 

8.3(11) Tensile Strength 
(-26^), Flexural 
Strength(-80^) 

If 

F 120-19 (Hienolic 
Resin- Asbestos 
Fabric) 

9-3(9) 1.2(15) 
(E>2.9Mev) 

Tensile Strength 
(-4.7*) 

25 P 8 

F120-19 (Phenolic 
Resin- Glass Fabric) 

9-3(9) 1.2(15) 
(E>2.9Mev) 

Tensile Strength 
(/28^ ^Compression 
Strength (-5.3*) 

25 P 8 

BPON 826CL 
Laminate 

8.3(11) Tensile Strength(-5T* 
Compressive Strength 
(-50^), Flexural 
Rigidity (-7^) 

)56 p 18 

LAMINAC '+232 
Laminate 

8.3(11) Tensile strength(-3Ö* 
Compressive strength 
(-54*),Flexural 
strength (-71*) 

)56 p 16 

ea 



MUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

1   MATERIAL OR 1 DESIGN ALLOWABLES BASIS FOR RADIATION  1 
CCMPONENT 

Laminates 

DESIGN 
ALLOWABLES 

BTMfSB 

REFERENCE No. 
ergs 

gm-(C) 
1   n 

I   an^ 
[Coast Manufacturing (( pnt.) 

Tensile strength 56 P 17 Slectron 5003 8.3(11) 
(No change^compres- 
sive 8trength(-64^) 
Flexural rigidity 
(-Tilt) 

Cordo Mouldln« Pdts. 

Moblloy AH-81 9-3(9) 1.2(15) Tensile strength 25 p 8 
(Phenolic Resin- 
Asbestos Fabric) 

(E>e.9Mev) (/ 2.65t>todulus of 
Elasticity (-7-7*) 

Mobiloy AH-81 9.3(9) 1.2(15) Tensile Strength 25 P 8 
(Phenolic Resin- (E>2.9Mev; (/5^), Modulus of 
Glass Fabric) Elasticity (-5^) 

Insulation Mfrs. Corj • 

1(11) Conrpressive strength 64 p 15    | G-7 Glass Fabric- 
sllicone resin lamin- (-2^) 
ate, in boiling dis- 
solver solution of 
1 M nitric acid with 
75 g/l of stainless 1(12) Coinpressive strength W            | 

steel metal.  He- • (-72.2^) 
elstant to this 
solution but suffers 
lO^i weight loss 

I 
I 
I 
D 
n 
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i NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

i   MATERIAL OR 1 DESIGN ALLOWABIBS BASIS FOR RADIATION 
COMPONENT 

Laminates 

DESIGN 
ALLOWABLES 

EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 

n 

1   cmy 

Narmco Mfg. Co. 

9.3(9) [l.2(l5) Modulus of Elasticity 25 P 8 CQNOLON 506 (Phenolic 
1 Resin-asbestos fabric) [E>2.9Mev) (-13.5^jTensile 

Strength (/3.W 

CONOLON 506 (Phenolic 9.3(9) 1.2(15) Modulus of Elasticity 25 p 8     1 
Hesin-glass fabric) (E>2.9Mev l(-13.2^), Compression 

strength (/l.5^) 

Shell Development Co. 

-9.3(9) 1.2(15) Compressive strength 25 P 8      1 EPOS*  828 (Epoxy Resin 
asbestos fabric) ;E>2.^ev) (A. 3^), Tensile 

Strength (-W 

EPON 828 (Epoxy Resin -9.3(9) 1.2(15) Tensile Strength 25 P 8 
glass fabric) (E>2.9Mev) 

(/2.6/ojModiaus of 
Elasticity(-2.5^) 

EPON X-l31 (Epoxy Re- 9-3(9) 1.2(15) Tensile Strength 25 P 8      j 
sin-asbestos fabric) [E>2.9M3v) (/5^iModulus of 

Elasticity (-2.1^) 

EPON X-l31 (Epoxy Re- 9.3(9) 1.2(15) Compressive Strengt-h 25 P 8      | 
sin-glass fabric) (E>2.9Mev ■(/8^), Tensile 

strength {fk.Tf>) 

83 



NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION 

COMPONENT 

Laminates 

1 
DESIGN 
ALLOWABLES 

EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 

n 

cmy 

Shell^Con't. 

X-131-PlaBtic 8.3(11) Tensile strength 56p 21 
Laminate with BF3400 (-8.35^ Compression 

strength (-88^), 
Flexural strength 
(■75*) 

X-131-Plastic 8.3(11) Tensile strength 56 p 22 
(-22*), Flexural 

dicyandiamlde strength (-51*) 

Taylor Corp. 

G-7 Glass fabric- 1(10) Impact strength 64 p 15 
silicone resin (/27* )p onipres s ive 
laminate. In strength(-16^) 
boiling dissolver 
solution of 
IM Nitric acid with 1(11) Inpact strength ■• 
75 g/l stainless (60*), Corapressive 
steel metal com- strength (-29^), 
ponents. Resistant Volume resistivity 
to this solution but decreases factor 

-^108 suffers lO^t weight 
XOSG 

1(12) Impact strength 
decreases factor^lO 

i> 

I 
I 
I 
0 
n 
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2.13 LUBRICAirrS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

[ 

MATERIAL OR 
COMPONENT 

Lubricants 

Hooker Chemical Co. 

Fluorolube 
(Gyro Fluid) 

Shell Development Co. 

Shell APL grease 

Type Hi Temp Jet Oil 
A, (Coraplex-ester bas« 
(-450F to 350OF) Ref. 
GTO-79O 

Sinclair Refining Co. 

Turbo S-Oil (L-697) 
Mil-C-7808C, Sebacate 
base fluid, -65^ to 
SOQOF 

DESIGW ALLOWABLES 

ergs 

gm-(C) 

2.7(9) 

7.M9) 
) 

8.6(9) 

 n 

cm 

-^1(16) 
(E>2.9Mev 

2.9(15) 
(E>2.9Mev 

5.8(14) 
(E>2.^iev 

5.1(14) 
(E>2.9Mev) 

BASIS FOR 
DESICai 
ALLOWABLES 

Outgassing (0.37 ML 
gas/ML fluid) 

Grease apparently 
Crystallizes 

5 change in neutral! 
zation Na^Mgm KOW/ffa 
Viscosity (+I9II6) 
Flash point (-24^) 

12.5 change in neutrdl 
1zation NqfMgm KOH/gn 
Viscosity (-31^) 
Flash Point (-23.2^) 

RADIATION 
EFFECTS 

REFERENCE No. 

12 p225 

31 P319 

44 P55-56 

) 
44 p55-56 



NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
CCMPOHENT 

Lubricants 

Sperry Cfarroscope Co. 

DESIGN ALLOWABLES 
ergs 

gm-(C) 

Brcmotrlf louroethylen i 
(Cftrro fluid) 

Miscellaneous 

Mil-L-9236A,  Sub- f  l(ll) 
stituted-ester base 

Mil-L-9236B,  Sub- l.l(lO) 
stituted-ester base, 
-65^ to iKXJOF, Ref. 
GTO-915 furnished by 
ASD 

'♦P3E,  Bis (Mix- 1(11) 
phenoxyphenoxy) Benzeie 
in Gear Test 

Mixed-J+P3E, Mix Bis        2.7(10) 
(Fhenoxyphenyl) Ether 
350^,   3000 psi, Ref. 
GTO-927, hydraulic 
Fluid (also for lubri}- 
cation use) 

5?^ Mix-Bis (Phenojiyj- l(ll) 
phenoxy) Benzene in 
gear test 

cm 

-^1(16) 
(E>2.9Mev 

6.3(1^) 
(E>e.9Mev 

3.9(15) 
(E>2.9Mev 

BASIS FOR 
DESIGN 
ALLOWABLES 

Outgasslng (1.6 ML 
gas/ML fluid) 

Undergoes 90^ 
decanpositon @ 500°? 

7.2 change in neutral 
ization   Na(Mgm MOB/ 
gm), Viscosity(+195t) 
Flash Point (-2^) 

Viscosity changes 
from 65cs to 10,000cb 

Viscosity (cs)(44.75K)       50 p21-35 
+O.1U5 change in 
neutralization No. 
(Mgm KOH/gm). Filtration 
(particles> 5 MQim/}.00 
ML)) +1U.0I+, Boiling 
Range Broadened 

RADIATION 
EFFECTS 

REFERENCE No. 

12 p226 

68 p^ 

hh P55-56 

68 p7U,87 

Viscosity changes frpra 
1+OOcs to 17000C8 e 
600^. Undergoes Uojl 
decomposition ® 6000p 
and 50^ ® 700OF. Acf.d 
No. changes from 0 
to 12 ( Mgm  KOH/gm) 

68 p68,79, 
86 

I 
I 
: 

: 

f] 
r 

86 



f I 
I 
I 
I 

i 

2.11*       MAGHETIC MMERIALS 

Z.lh.l FERRIMAGNETIC 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
CCMPONENT 

Magnetic Materials, 
Ferrlmagnetlc 

DESIGN ALLOVJABLES 
ergs 
gm-(C) 

Diamonite 

Ferramlc Q "permalloy 
type" 

MF3876 Memory Core 
General Ceramics Corj 

223MI - Mg, Mn, Fe 
RCA 

226MI- Mg, Mn, Fe, 
Zn, RCA 

231 MI - Mg, Mn, Fe, 
Zn, Cd, RCA 

Nickel Ferrlte 
Nl Fe2 01+ 

NIZn and MnZn 
Western Electric 

NXF 0023 - Mg, Mn, 
Fe, LI, RCA 

S-5 Memory Core 
General Ceramics Corv 

Square-Loop 
Bell Tele. Labs (2 ea; 

T-l (Square Loop 
Ferrit«) fast switch- 
ing.  Telemeter Mag. ] 

T-5 (Square Loop 
Ferrlte) Slower Swltcjh 
Ing, Telemeter Mag.Ii^c 

3.7(9) 

1.1(10) 

7.7(9) 

1.6(11 

1.6(11 

1.6(11) 

7.7(9) 

cm 

1(18)nf 

2(l7)ne 

1.2(17) 
(1>1 Mev) 

1.2(17) 
[Z^-l Mev) 

1.2(17) 
(B>1 Mev) 

3(l8)nf 

2(l7)ne 

1.6(11 

7.7(9) 

7.7(9) 

1.1(10 

1.1(10 

1.2(17) 
(E>1 Mev) 

2(l7)ne 

. 2(l7)ne 

3(l8)nf 

3(l8)nf 

BASIS FOR 
DESIGN 
ALLOWABLES 

No effect or  Dl«lec1|rlc    212pl»-50 

U2 Pig. 13 Hysteresis Loop 
flattened c onsldera» ly 

Br/an % of Initial 
Value (il^t) 

d Vz i+Mot) ®  85°* 
and if(l4)nf 

d Vz (+50lt) @ 85°P 
and Mllf)nf 

d Vz (+20^) @ 85^ 
and MllOnf 

Hysteresis Loop 
flattened considerably 

Loss of magnetic 
properties duetto 
temperature heating, 
No radiation effect! 
damage 

d Vz (+150*) @ 158°! 
and 3.5(l5)nf 

Br/ftn $ of Initial 
value (-7^)ei.2(l7)rje 

Br/an % of Initial 
value (-12^)ei.2(l7j(ne 

Hysteresis Loop 
flattened slightly 

Hysteresis Loop 
flattened conslderaHly 

RADIATION 
EFFECTS 

REFERENCE No. 

15 p65 

30 P128-135 

30 pl28 - 
132 

30 P128-13J 

kS Fig. 15 

15 p62 

30 P128-13S 

15 p65 

15 p65 

kSt Fig. 13 

U2 Fig. Ih 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Magnetic Materials, 
Ferrimagnetic 

Yttrivun Iron Garnet   3.7(9) 

Yttrium Iron Garnet   l.l(lO) 
(polycrystalline) 

hot Yttrium Iron      3.7(9) 
Garnet - 60^ Gadallnlvm 
Iron Ferrite 

Yttrium Aluminum     3.7(9) 
Garnet Ferrite 

DESIGN ALLOWABLES 

ergs 

gm-(C) 

3(l8)nf 

BASIS FOR 
DESIGN 
ALLOWABLES 

88 

Linevldth (+10^)      212 jk-k9 
geff factor does not 
change. Dielectric 
consteuit (<.<1^) 

Hysteresis Loop       42 Fig. 16 
flattens conslderablr 

Llnewidth (<1^) ggf»  212 pU-49 
factor does not chanje 

Llnewidth (-65t), g^ f  212 pU-l»9 
factor does not charge 
Dielectric Constant 
(«.  1*) 

RADIATION 
EFFECTS 

REFERENCE No. 

J 

: 

1 
: 

:; 

r 

(i 
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2.Xk 

2.1U.2 

MAGHETIC MMBRIALS 

FERROMAGNETIC 

NUCLE/VR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION 
CCMPOriENT DESIGN EFFECTS 

Magnetic Materialsj 
gm-(C) 

ALLOWABLES REFERENCE No. P 
Ferroaa«netlcs cm 

Alfenol (Disordered) 2(l8)nt 60 cps Coercive ford 61 pl9, 18, 
16 Al, Bai. Fe (0^), 60 cps Residua. 

Induction (0^), Max. 
52, 46 

Permeability i-h%). 
Permeability ®  30 
gauss (-^56), negligil le 
effect on normal 
induction curve and 
hysteresis loop, no 
decrease in initial 
permeability 

Alfenol (Oriented) 2(l8)nt Max. permeability 61 pi8, 19, 
16 Al, Bai. Fe (+15^), Permeability 

@ 20 gauss (+3W. 
coercive force (-8^ 
Remanence (+8^), In- 
duction @ 30 Oerstedi 
(-5^), Squareness 
Ratio (+13^6), Remanei 
@ 60 cps (-25t), Coerc 
force @ 60 cps (+8^)J 
negligble effect on 
nomal induction cur\ 

45 

> 

ce 
ive 

e 

Carbonyl Iron E 2(l8)nt Eddy I loss coeffici« nt  6l p20 
(Glass Binder) 98.5 (-40^), Core loss 
Fe, Bal. C,N,0 factor (+16.7^), 

Permeability (No 
change) 

Carbonyl Iron E 2(l8)nt Permeability (no char ge) 6l p20 
(Plastic Binder) Eddy I loss coefficie tit 
98.5 Fe, Bai. C,N,0 (+25^), Core loss 

factor (-28.6^) 

89 



NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION 

COMPONENT 
Magnetic Materials, 

DESIGN 
ALLOWABLES 

EFFECTS 
ergs n 
gm-(C) 2 KtiKliKKNL't No. 

cm 

Deltamax 7.7(9) 2(17)ne Br/an % of initial 15 p65 
Arnold Eng. Corp. value (-9*) © 1.2 

(I7)ne 

Flakenoi, Sendust 2(l8)nt Permeability (+11.U 61 p20 
Flake, 5.5 Al, 9.5 S^ %),  hysteresis loss 
Bal. Fe coefficient (+10^), 

Eddy I loss coeffi- 
cient (+500^), Resi- 
dual loss coefflclen 
(+88.9^), Core loss 
factor (+100^) 

' 

2-81 Mo Permalloy, 2(l8)nt Penneability (-«il^) ,  61 p20 
PresBed Powder, 2 Mo, Hysteresis loss 
61 Nl, Bal. Fe coefficient (-33^), 

Eddy I loss coeffi- 
cient (+100^), Hesi- 
dual loss coefficien 
(Vfi),  Core loss 
factor (+100^) 

: 

U-79 Mo Permalloy 2(l8)nt Penneability @ 20 61 pl8, 19, 
k  Mo, 79 Nl, Bal. Fe gauss (-89^), Max. 

permeability (-79^) 
Coercive force 
(+U03%), Coercive 
force 6 60 cpB(+110^ 
Remanence {-kkf,) 
Reaanence @ 60 cps 
(-51^), Induction @ 
30 Oersteds (+1^), 
Squareness Ratio 
(-4H), Normal indue 
tion curve @ 0.2 
oersteds (-6o#), 
Initial permeability 
(-91*) 

28, 52 

U-79 Mo Permalloy 7.7(9) 2(l7)ne Br/an f  of Initial 15 p69 
Arnold Eng. Corp. Value (no change) 
(2 ea) Coercive force in- 

creased factor of k 

U-79 Mo Permalloy 7.7(9) 2(l7)ne Br/Bm %  of initial 15 p65 
Arnold Eng. Corp.(2ea ) value (-b&f,) 

I 
I 
I 
1 

n 

' 

1 
1. 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR | DESIGN ALLOWABLES BASIS FOR RADIATION 

COMPONENT 
I 

DESIGN EFFECTS 
ergs 

Magnetic Materials ALLOWABLES REFERENCE No. 2 
Ferrancumetl c cm 

Mumetal 
5 Cu, 2 Cr, 77 HI, 2(l8)nt Peimeabillty @ 20 61 pl8, 19, 
Bal. Pe gauss (-65^), Max. 

penneabiiity (-385t), 
Coercive force 
(+158^), Coercive 
force ® 60 cps (+35^1 
Renanence (-26^), 
Remanence @ 60 cps 
(-16%), Induction @ 
30 Oersteds (-3*), 
Squareness Ratio 
(-23$),  Initial 
penneabiiity (-7W, 
Normal induction 
curve @ 0.2 Oersteds 
(+8.8^) 

31, 52 

), 

Nickel Ferrite 2(l8)nt Permeability (no 61 p20 
NiO • Fe^ß change), hysteresis 

loss coefficient 
(-11^), Core loss 
factor (-hk<f,) 

48 Nickel-Iron hd  Ni, 2(l8)nt Penneabiiity @ 20 61 pl8, 19, 
Bal Fe gauss (-70^), Max. 

penneabiiity (-10^), 
Coercive force(+99^) 
Coercive force @ 60 
cps (+35%), Hemanenc 
{-26%),  Remanence 
@ 60 cps (-33%), In- 
duction @ ho  Oersted 
(-2%), Squarenesü 
ratio (-26%), Initia 
permeability(-75%), 
Normal induction 
curve @ 0.2 Oersteds 
(-36%) 

&,  52 

i 

i 

L 

91 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Magnetic Materials, 
Fterromagentlc 

Orthonol, 30 Nickel- 
Iron, 50 Ni, Bal. Pe 

DESIOI ALLOWABLES 
ergs 
gm-(C) 

2 V Permendur,  2 V, 
U9 Co, Bal. Fe 

3-1  Silicon-Aluniinuin' 
Iron,   3 Si,  1 Al, 
Bal. Fe 

2(l8)nt 

2(l8)nt 

2(l8)nt 

BASIS FOR 
DESIGN 
ALLOWABLES 

Permeability @  20 
gauss (-31^), Max. 
permeability (+15&), 
Coercive force (-28^ 
Coercive force © 60 
cps (+^1+^), Remanencje 
(-2k$),  Remanence @ 
60 cps (-20^), In- 
duction @ 30 oersted(6 
(-4^), Squeu^ness 
ratio (-21^), Inltiajl 
permeability (-37Tt), 
Normal induction 
curve @ 0.2 oersteds 
(-7.9*) 

Permeability @ 20 
gauss (+3*)> Max. 
penneabllity (+2^), 
Coercive force (-2^) 
Coercive force @ 60 
cps (+5*), Remanence 
(-1*), Remanence @ 
60 cps (-6*), Induc- 
tion @ 30 oersteds 
(-1$), Squareness 
ratio (0*), Initial 
permeability (0*), 
Normal induction 
curve @ 0.2 oersteds 
(no effect) 

Permeability @ 20 
gauss (+1*), Max. 
permeability {+!%), 
Coercive force (-2^)j, 
Coercive force @ 60 
cps (0*), Remanence 
(-1*), Remanence @ 
60 cps (0*), Induc- 
tion @ 30 oersteds 
(-1*), Squareness 
ratio (C#), Initial 
permeability (O^t), 
No effect on normal 
induction curve or 
hvsterentr. loop  

RADIATION 
EFFECTS 

REFERENCE No. 

61 plB, 19, 
35, 52 

61 pl8, 19, 
W, 52 

6l pl8, 19, 
^3, W», 52 

I 
I 
I 

.! 

:, 

[I 

li 

!; 

I 

tj 

I 

I 
! 

U 

9r 



I 
I 
i 
i 

i 

1 

I 

[ 

i 
I 

I 
I 

I 
I 
I 
I 

NUCLEAR RADIATION EFFECTS DESIGN ALLOVJABLES 

MATERIAL OR 
COMPONENT 

Magnetic Materials, 

3 Silicon-Iron 
(Oriented) 3 Si, 
Fe 

Bal. 

3.5 Silicon-Iron 
3.5 Si, Bal. Fe 

DESIGN ALLOWABLES 

ergs 

gm-(C) 

SupermaJloy 
50 Mo,  79 Ni,  Bal. Fe 

cm 

2(l8)nt 

2(l8)nt 

2(l8)nt 

93 

BASIS FOR 
DESIGN 
ALLOWABLES 

Permeability @ 20 
gauss  (+18^), Max. 
permeability (+1^), 
Coercive force (-2^) 
Coercive force ® 60 
ops  (o$), Reaanence 
(-3^),   Remanence @ 
6o cpa  (O^t), Induc- 
tion @ 30 oersteds 
(-1%),   Squareness 
ratio (-1^),  Initial 
permeability (o£). 
No effect on normal 
induction curve or 
hysteresis loop 

Permeability ® 20 
gauss  (+8$), Max. 
permeability (-1^), 
Coercive force (+6^) 
Coercive force @ 60 
cpe  (+9^6), Remanence 
(+1%),  Remanence @ 
60 cps (+2^),   Induc- 
tion @ 30 oersteds 
( 0 %),   Squareness 
ratio (+1^), No 
effect  on normal 
induction curve 

Permeability © 20 
gauss  (-93^), Max. 
permeability (-9350 
Coercive force(+8l5jJ 
Coercive force ® 60 
cps  (+1000^),  Rema- 
nence  (-3811), Rema- 
nence © 6c cp8(-4t#) 
Induction ® 30 oer- 
steds (-3^),  Square- 
ness ratio (-36)1), 
initial  permeability 
(-9811) 

RADIATION 
EFFECTS 

REFERENCE No. 

6l pl8, 19, 
kl, k2, 52 

61 pl8, 19, 

61 pl8, 19, 
52 



NUCLEAR RADIATION EFFECTS DESIGN ALLOVJABLES 

Supemallgy 
krnold Eng. Corp. 
(2 ea) 

Supcnnendur 
Arnold Eng. Corp. 

MATERIAL OR 
COMPONENT 

Magnetic Materials 
■tic 

r.7(9) 

7.7(9) 

DESIGN ALLOWABLES 

sm-(C) 

2(l7)ne 

2(l7)ne 

cm 

BASIS FOR 
DESIGN 
ALLOWABLES 

PeimBablllty (-55lt) 
also other changes 

Br/Bn $ of Initial 
value i+ki)  © 4(16)» 

RADIATION 
EFFECTS 

REFERENCE No. 

15 p69 

15 p65 
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S.lk MAGNETIC MATERIALS 

S.lh.3 PERMANENT MAGNETS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWA.BLES 

MATERIAL OR 
COMPONENT 

Magnetic Materials, 
Permanent Magnets 

Alnico II 

Alnlco IIA 

Alnico V 

Alnico VC 

Alnico XII 

DESIGN ALLOWABLES 
ergs 

gm-(C) 

5(20) 
fc>0.025ey 

l(20)ne 

2(l8)ne 

2(l9)ne 

5(20) 
;E>0.025ev 

2(l8)ne 

l(20)ne 

2(l9)ne 

2(l9)ne 

1(20)ne 

BASIS FOR 
DESIGN 
ALLOWABLES 

k% decrease in open    66 Pig. 1 
circuit Induction 

Change In open mag-    39 P77 
netlc circuit induc- 
tion: 
-2% @ 6000 
-3* @ 23500 & 3250C 

No change In demag-    59 p28 
netlzatlon curve 

Open magnetic circuljt  59 pl9 
Induction change 
-5* ® 3(l8)ne 
-2^ @ 2(l9)ne 

1 %  decrease in operj   66 Fig. 1 
circuit Induction 

Demagnetization curvs  59 p25 
Intercepts change; 
H(oersteds) (-10^) 
B(K gauss)(+l.U^) @ 
5000C 

Open magnetic clrcul|t  59 pl7 
Induction change: 
-2.5^ @ ÖO^ 
-1% @  235<>C 
+1^ @ 3250C 

Open magnetic circul|t  59 pl9 
Induction change 
-9^ ® 3(l8)ne 
-3.5* ® 2(l9)ne 

Open magnetic circuljt  59 pl9 
Induction change 
-1.5* « 3(l8)ne 
-2* 6 2(l9)ne 

Open magnetic circuljt  59 pl7 
Induction change 
-6.5* e 6ooc 
-u.s*e 2350c 
-1.5% e ^"c 

RADIATION 
EFFECTS 

REFERENCE No. 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

Magnetic Materials, 
Permanent Magnets 

| DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

m-(.o) 
n 

cm^ 

Alnlco XII 2(l8)ne Demagnetization Curv 
Intercepts change: 
H(oersteds)(-2.5*) 
B(Kguass)no change 9 
500OC 

59 P2 

n 5(20) 
B>0.025ev) 

1^ decrease In open 
circuit Induction 

66 Pig. 1 

Barium Ferrlte 
(Oriented) 

2(l8)ne Demagnetization curv 
Intercepts change: 
H(oerstedB)(-2.5*) 
B(K gauss)(-2.65t) 

59 P26 

it 2(l9)ne Open magnetic clrcul 
Induction change: 
-3* @ 3(l8)ne 
8% @ 2(l9)ne 

59 Pl9 

ii 
l(20)ne Open magnetic clrcul' 

induction change: 
-63^6 @ 6000 
-2k.5% ®  235^ 
-2ki 9 32500 

59 PIT 

ii 

( 
5(20) 
EX).025ev) 

2U^ decrease in open 
circuit induction 

66 Pig. 1 

Barium Ferrlte 
(Unoriented) 

2(l9)ne Open magnetic clrcul' 
Induction change: 
-3* @ 3(l8)ne 
-8* @ 2(l9)ne 

59 Pl9 

II l(20)ne Open magnetic clrcul' 
induction change: 
-5'+.5^ @ eooc 
-21^ @ 235C,C 
^ 0 @ 32500 

59 P17 

tl 
2(l8)ne Demagnetization curvi 

H(oersteds)(-9.2^) 
B(K gauss)(no change 

59 P26 

n 5(20) 
E>0.025ev) 

2U^ decrease in open 
circuit induction 

66 Pig. 1 
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MUCLEAR RADIATION EFFECTS DESIGN ALLOV:ABLES 

MATERIAL OR 
COMPONENT 

Magnetic Materials, 
Pemanent Magnets 

3j Chromium Steel 

36 Cobalt Steel 

Cunlco I 

DESIGN ALLOWABLES 

ergs 

gm-(C) 

2(l8)ne 

l(20)ne 

2(l9)ne 

2(l9)ne 

l(20)ne 

2(l8)ne 

5(20) 
^X).025ev) 

2(l9)ne 

l(20)ne 

BASIS FOR 
DESIGN 
ALLOWABLES 

Demagnetization curv^ 
Intercepts change: 
H(oersteds)(-71.W 
B(K gauss)(-40^) @ 
500OC 

Open magnetic circui ; 
induction change: 
+2.yj, @ 60oC 
-68% ® 2350C 
-66.5^ @ 3250C 

Open magnetic circui 
Induction change: 
-&f, @  2(l8)ne 
-U.5^ @ 2(l9)ne 

Open magnetic circui 
induction change: 
-30.5* @ 3(l8)ne 
-9f> @  2(l9)ne 

Open Magnetic circui 
induction change: 
-jri @ 600c 
-37.5* @ 2350C 
-3^.51l>@  3250C 

Demagnetization curvi 1 
Intercepts change: 
Hfoersteds)(-62.5^) 
B(K gaus8)(-36.3^) @ 
50000 

kofi  decrease in open 
circuit induction 

Open magnetic circuli 
induction change: 
-5-5* ® 3(l8)ne 
-1.5^ 6 2(19)ne 

Open magnetic circuli 
induction change: 
-7.5% @ 6000 

RADIATION 
EFFECTS 

REFERENCE No. 

59 P27 

59 Pl7 

59 Pl9 

59 Pl9 

59 Pl7 

59 P25 

66 Pig. 1 

59 Pl9 

59 Pl7 
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NUCLEA.R RADIATION EFFECTS DESIGN ALLOWABLES 

Cunico I 

MATERIAL OR 
COMPONENT 

Magnetic Materials, 
Peragnent Magnets 

Cunife I 

DESIGN ALLOV.'ABLES 

Sm-(C) 

BSD Fine Iron 

ESD Fine Iron Cobalt 

BASIS FOR 
DESIGN 
ALLOWABLES 

2(l8)ne 

5(20) 
(EX).025evi 

2(l9)ne 

l(20)ne 

2(l8)ne 

5(20) 
^X),025ev) 

2(l8)ne 

2(l9)ne 

3(l8)ne 

2(l8)ne 

Demagnetization Curv( i 
intercepts change: 
H(oersteds)(-8.75^) 
B(Kgauss)(-.5^) ® 50^oC 

8^ decrease in open 
circuit induction 

Open magnetic circui-. 
induction change 
-^5.5^ @ 3(l8)me 
-1.5^ @ 2(l9)ne 

Open magnetic circui-. 
induction change: 
+13^ @ 60oC 
-52.5^ @ 2350C 
-92^6 @ 3250C 

Demagnetization curv^  59 p25 
intercepts change: 
H(oersteds)(-3.8^) 
B(Kgauss)(-1.8^) 

97^ decrease in open   66 Fig. 1 
circuit Induction 

Demagnetization curv^  59 p27 
intercepts change: 
H(oersteds)(-5#) 
B(Kgaußs)(-4.7^)@500fc 

Open magnetic circui^  59 Pl9 
induction change 
-3.5^ @ 3(l8)ne 
-2i@  2(l9)ne 

Open magnetic circui^  59 Pl9 
induction change: 
(-6.5*) 

Demagnetization curv^  59 P28 
induction change: 
H(oersteds)(-25.7*) 
B(Kgau88)(-7.7*) 

RADIATION 
EFFECTS 

REFERENCE No. 

59 P25 

66 Pig. l 

59 Pl9 

59 P17 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Magnetic Materials, 

Platinum Cobalt 

Sllmanal 

DESIGN ALLOWAriLES 

ergs 

gm-(C) cm 

2(l8)ne 

,5(20) 
|B>0.025ev 

2(l9)ne 

l(20)ne 

2(l9)ne 

l(20)ne 

2(l8)ne 

5(20) 
EX).025ev; 

BASIS FOR 
DESIGN 
ALLOWABLES 

Demagnetization curv; 
intercepts change; 
H(oersteds)(-2,7^) 
B(Kgauss)(-kiyejOOOC 

67$ decrease in open 
circuit induction 

Open magnetic circul 
induction change: 
(-12*) 

Open magnetic circul 
induction change: 
-38* @ 23500 
-b&f> ®  3250C 

Open magnetic circul ! 
induction change; 
-10* @ 3(l8)ne 
+5.5* @ 2(l9)ne 

Open magnetic circul' 
induction change; 
-k6.5% ® 600c 
-72.5* ® 235^ 
-93.5* ® 32500 

Demagnetization curv> 
intercepts change; 
H(oersteds) (-60*) 
B(Kgauss)(-50*) @ 
500OC 

95* decrease in open 
circuit induction 

RADIATION 
EFFECTS 

REFERENCE No. 

59 p26 

66 Fig. 1 

59 pl7 

59 P17 

59 1119 

59 Pl7 

59 P26 

66 Fig. 1 
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2.15 MOTORS 

NUCLE/IR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Motors 

Diehl Manufacturing O; 

60 cps, 2-pole, 2- 
phase FPB216 Servo- 
motor (l ea) 

Electric Indicator Co 

Hysteresis Synchronous 6.6(10) 
Motor, Class H insu- 
lation, 115 v @ 60cps 
with CAL   Research 
#159 grease. Type 
AlA^l (1 ea) 

Inland Motor Corp. 

T2139C,  DC Torquer 
Motor (1 ea) 

Lear-Siegler,  Inc. 

D. C. Actuator Motor 
(1 ea) 

DESIGN ALLOWABLES 

ergs 

gm-(C) 

1.5(11) 1.1(17) 
;E>1 Mev) 

,  Inc. 

1.6(10) 

2.7(9) 

cm 

Failed @ 8,7(l6) nf 

Much of the original 
power vas lost 

1.2(15) 
(E>2.9Mev) 

2.9(15) 
[E>0.3 Me^) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Apparent Torquer Load 
(oz-inch)  increases 
from zero to  ^ 1 

APL grease failed 

RADIATION■ 
EFFECTS 

REFERENCE No. 

30 p 152-157 

71 p 6, 13, 16 

12 p 69 

31 p 276-319 
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2.16 O-RINGS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

O-Rlngs 

[ DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
er^s 

gm-(C) 

n 
^ 

Alleghany Plastic 

5(6) Weight Change(-O.Ol'jt; 8 p 125 Teflon X 

Dupont Co. 

1.3(9) Brittle 47 p 80 Teflon Back-up Ring 

Linear, Inc. 

Copolymer XP-9-13 5 (6) Shore Durometer 
Hardness(-1^) 

8 P 125 

XWT-15T 
(Experimental Com- 
pound Viton A- 
Asbestos) 

^•9(9) Performance 
satisfactory 

1*7 p 80 

Precision Rubber 

1(11) Hardness(/3Ö^) 
Tensile (/ HOjt) 
Elongation (-91^) 
Flat bend (Broke) 

Technical 
Bulletin 
from PRP 

Produc ts 

Compound I3Ö7 
(Oil-Resistant) 

Compound ^387 
(Non-oil Resistant) 

1(11) Hardness (Al^) 
Elongation {-91$) 
Tensile (-20^) 
Flat bend (Broke) 

n 

Compound 1700 
(Viton A) 

U.9(9) Failed-hardened 
and Leaked 
Tensile (-20^,) 

U7 p 80 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

0-Rings 

DESIGW ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

m-iO 
n 

cmy 

Miscellaneous 

Acrylonltrlle 
TUXE-121 #72 (2ea) 

5 (6) Weight(/l.0050 
Shore Durometer 
hardness (-2^) 

8 p 125 

Acrylonitrile 
TDXE-35 #7^ (2 ea) 

5(6) Weight Change(/l.16^ 
Shore Durometer 
hardness (-10^) 

8 p 125 

Buna-N 3.1(9) Hardened but 
kept seal 

47 p 42, 80 

En-Jay Butyl 
XI-351       (2 ea) 

5(6) Weight (-0.09^) 
Shore Durometer 
Hardness (/ 2$) 

8 p 125 

KEL-F  Poppet 1.1(10) Crysteaiized 
Brittle and Cracked 

8 p 88 

Leather Backup Ring 1.3(9) No damage U7 p 42, 80 

Neoprene #72 
Conipound      (2 ea) 

5(6) Weight (/1.0O9J0 
Shore Durometer 
Hardness (0.0^) 

8 p 125 

Neoprene §Jk 
Compound    (2 ea) 

5(6) Weight (/ 1.007^) 8 p 125 

Parco 8ü^ 
(Butyl Rubber) 

1.1(10) Melted (Not Rec. For 
Nuc. Use) 

8 p88 

Parker B-U96-7 (2 ea) 5(6) Weight (/ 1^) 
Shore Durometer 
Hardness (-10^) 

8 P 125 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 
0-Rings 

Miscellaneous Con't 

Rubber 366YV (2 ea) 

Rubber 52UA   (2 ea) 

50^ Teflon loaded 
XIT 3^1     (2 ea) 

Teflon (TFE) 

DESIOI ALLOWABLES 
rg£ 

gm-(C) 

5 (6) 

5(6) 

5(6) 

1.1(10) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Weight (-0.85^) 
Shore Durometer 
Hardness (-S$) 

Weight (/1#) 
Shore Durometer 
Hardness (A$) 

Weight (/ 0.04^) 
Shore Durometer 
Hardness (-3^) 

Shredded, Brittle 

103 

RADIATION 
EFFECTS 

REFERENCE No. 

8 p 125 

8 p 125 

8 p 125 

8 p 88 



0 
2.1T                  POTEMTIOMETERS I 
2.17.1             CARB« COMPOSITIGH 

1 NUCLEAR RADIATION EFFECTS DESIGN ALLOWABT.RS 

MATERIAL OR 
1          COMPONENT 

Potentiometers,Carbor 
Composition 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 

8 
1 ergs 

gm-(C) 
'         n 
i       ^ 0 

Allen-Bradley 

O-O.IJCC 10,i at 1200C 
RVULAYSA101A       (6 ea] 

4.5(10) 6.3(l3)nf 
2.4(l5)ne 

Max R (-1.2^) at 9.2 
[12)nf,  Min R (-72^) 
at 4.9(13)nf 

2 p. 216,   218 Ü 

0-25K  (Molded) 
RV6IAXSA253A         (6ea; 

1.6(11) 4(16) 
(E>0.5MEV) 

Max R(/12^) at 1.5(6 
nf, Contract ArmR(< 1^ 

35 p. 10.41-59 

Ü-100K C IO/L at 12ÜOC 
RV4LAYSA104A         (3ea] 

4.5(10) 6.3(i3)nf Max R(-3.1^) at 1.3 
(l5)ne,Min R(/6l^) 
at 2.3(15) ne 

2 p. 216,   221 

0 
II 
0 

0-2^0K (Molded) 
RV6LAXSA2;AA         (6ea 

1.6(11) 4(16)       i 
(E>0.5MEV) 

ltexR(/8.3^)at^l(l6) 
nf,Contact Arm R(<1^ 

35 p.10.41-59 

0-1 Meg / lO/i atl200C 
RVi+LAYSA105A         (6ea 

3-5(10) L.l(l5)ne 
3-7(13)nf 

M£ucR(-4.1^) at 2.6 
(14) ne,MinR(/ 35^) 
at 5.2(l4)ne 

2 p. 216,  223 

Chicciüo Telephone 
Supply Corp. 

f! 
0-50K (Film Type) 
PV5LAXSB503A         (6ea^ 

1.6(11) 4(16) 
(E>0.5MEV 

Max R(-23^)at 2.3(l6 
) nf, contact R (^ l1^) 

35 p. 10. 41-59 D 
0-bOOK  (Film Type) 
RV^LAXSB^OUA         (6ea ■■ ■■ Max R(-l^) 

Contact R (< 1^) 
•- I! 

0-2o Meg  (Film Type) 
RVSLAXSD2-^B     (b ea) M 

Max R  (-24;) 
Contact R  (< Ijt) 

11 
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2.17 WBgHagMM 

2.17.2 WIBEWOUHD 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Potentiometers, Wire- 
w ound 

Bourns Labs, Inc. 

O-O.^K,   Trim-pot 
30UO-W-1-501   (6ea) 

0-20K - IO/ü, Trim-pot 
220-W-1-203    (lea) 

0-20K, Trim-pot 
30i+0-W-l-203  (6 ea) 

Chicaeo Telephone 
Supply Corp. 

0-15KC 5^ 
Bk  3ÜA1SD153AJ  (bea) 

lladley Co. Inc, 
Robert M. 

0-0.5K t y-fv,  1/2W, 
Temp Coeff * 20ppn/oC 

Trimpot, 500 TP (iea) 

P.R. Mallory and Co. 

O-'pK, t ^i 
RA15A1SD502AJ (oea) 

DESICM ALLOWABLES 

Em-(C) 

1.3(11) 

6.3(10) 

1.3(11) 

5.1  (16) 
E>1 MEV) 

U.3(16) 
E>1  MEV) 

3.1(16) v 

E>1 MEV) 

2.5(lO) 

7.2(10) 

2.5(10) 

can 

6.1(l4)ae 
3.6(l3)nf 

U.8(l6) 
(E>1MEV) 

l.U(l5)ne 
3.6(13)nf 

BASIS FOR 
DESIGN 
ALLOWABLES 

Resistance (/0.85^) 
at 2(ll+)nf,  one 
opened 

MaxR(/ 1.5/0 at 8.6 
(13)nf 

Resistance (/ 0.1^) 
at 3(15)nf 

Max R {{O.OOdi)  at 
3(lU)ne, Min R(-19^) 
at 3.l(l3)ne 

Max R (/ U.7Ö56) at 
l.l+(l5)nf 

Max R (/3.35t) at 1.2 
(l5)ne,MinR(-26^) at 
5.7 (I3)ne 

RADIATION 
EFFECTS 

REFERENCE No. 

30 p. 190-202 

12 p. I65 

30 p. 190-202 

2 p.209, 212 

12 p. l80 
11 P. 11 

2 p. 209, 210 

105 



NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Potentiometer, Wire- 
wound 

Ohmite Mfg. Co. 

0-10 A-C 10,3 
RP1Ü1SJ100KK  (12 ea 

0-100 XC L  lofo 
RP1013J101KK  (bea) 

0-1K ^ 10;j 
RP101SJ102KK  (9ea) 

0-5K - lo;o 
RP101SJ502KK   (bea 

DESIOJ ALLOWABLES 

ergs 

gm-(C) cm 

3.2(10) l.Ml5)ne 

5.1(10] 3-7(15)ne 

3.8(10; 1.7(l5)ne 

5.1(10) 3.7(l5)ne 

BASIS FOR 
DESIGN 
ALLOWABLES 

MaxR(/ 13.1,') at 3-5 
(l'+)ne 

Max R  (/ 1.15^) at 
1.4(15)ne 

MaxR (/  3.7,o) at 
l(l5)ne 

ItoxR (/  l.r;i) at 1.9 
(I5)ne 

RADIATION 
EFFECTS 

REFERENCE No. 

2 p.19h,  196- 
199 

2 P.19K,   200- 
201 

2 p.194, 202- 
20k 

2 p. 194, 205- 
207 

i 
i 
I 
I 
.1 
B 
Ö 
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2.18 POTTING COMPOUNDS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

I 
American Latex Fibre ( orp 

MATERIAL OR 
COMPONENT 

Potting Compounds 

Stay Foam AA-402 
(2 ea) 

Dennis Chemical Co. 

DESIGN ALLOWABLE 

ergs 

f7n-(C) 

Insulating Lacquer 
1162 A/B     (2 ea) 

Dov Coming Corp. 

RTV-501      (2 ea) 

rson & Curaing, Inc 

Conducting Epoxy 57C 

Stycast 2651 M4 (2 ea 

2(8) 

n 

1.5(15) 
(E>0.1Mev) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Resistance Ratio 
Ro/R = 31, Volume 
(+15.4*) 

5(8) 

1.9(10) 

5( 8) 

3-3(15) 
(EXi.lMev) 

1.5(15) 
(E>2.9Mev) 

3.3(15) 
(ÖO.IXev) 

Resistance Ratio 
Ro/R = 38 
Volume (+1.^) 

R. Ratio Ro/R = 18 
Volume (+16*) 
changed from tan to 

Resistance (+1.03*) 
@ 9.2(l2)nf 

R. Ratio Ro/R =3.3 
Volume (-0.58^) 

RADIATION 
EFFECTS 

REFERENCE No. 

10 pl51 

10 vihg 

10 pi^T 

(rey 

12 p239 

10 plU6 
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NUCLEAR RADIATION EFFECTS DESIOH ALLOV.'ABLES 

MATERIAL OR DESIGN ALLOV.'ABLES BASIS FOR RADIATION 

COMPONENT 
Potting Compounds 

DESIGN 
ALLOWABLES 

EFFECTS 

REFERENCE No. 
ergc 

B»-(C) 

n 
9 

cm 

General Electric Co. 

1.3(9) 8.7(ll)ni Good condition but 8 pll7 Silicone Rubber 
RTV-90 l(l2)nt less pliable 

Hysol Corp. 

2(8) 1.5(15) R. Ratio Ro/R =1.3 10 pl50 #12.007      (2 ea) 
(E>0..1Mev No volume change 

Mica Corp. 

2(8) 1.5(15) R. Ratio Ro/R = ^50 10 pi 52 EG758T       (2 ea) 
(E>0.1Mev; Volume (+6.9^),, darke led 

Minnesota Mining t M 'g. Co. 

3.3(15) R. Ratio Ro/R = 2.7 10 pl46 Scotchcast #3  (2 ea ) 5(8) 
(E>0.1Mev; Volume (+0.89^) 

Scotchcast foam ti r R. Ratio Ro/R = 170 10 pl5J* 
Resin #603    (2 ea) 

■ 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

Polysulfide Rubber 
PR-1201-Q 

MATERIAL OR 
COMPONENT 

Potting Compounds 

Products Research Co. 

Shell Chemical Co. 

EPOS 828 
Cat. D (2 ea) 

DESIGN ALLOWABLES 

gm-(C) 

1-3(9) 

5(8) 

8.7(ll)nl 
l(l2)nt 

3.3(15) 
(EXJ.lMev; 

BASIS FOR 
DESIGN 
ALLOWABLES 

Good Condition 

R. Ratio Ro/R = 2.7 
Volume (+1.3^), Darkened 

RADIATION 
EFFECTS 

REFERENCE No. 

8 pirr 

10 plU8 

109 



2.19       PR1WFED  CIRCUITS 

2.19.1     ASSEMBLIES 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Printed Circuits 
_ (AsRRniM IRR) 

Aerovox Corp. 

Type PA-95 
consisting of a 

resistor and a 
capacitor   (6 ea) 

Centralab Division 

Type PC-33 
with resistor and 
capacitor (6 ea) 

DESIGN ALLOWABLES 

ergs 

gm-(C) 

^.9(10) 

U.9(10) 

cm 

2.8(l5)ne 

2.0(l5)ne 

BASIS FOR 
DESIGN 
ALLOWABLES 

Resistance  (/lO.Ö3t) 
capacitance  {-k6ff>) 
No effect on board. 

Resistance  (-13.W 
Capacitance  (-31^) 
No Effect on Board. 

RADIATION 
EFFECTS 

REFERENCE No. 

2 p. 796 

2 p. 796 
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2.19      FBUfTED CIBCUITS 

2.19.2     BOARDS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOVJABLES 

MATERIAL OR 
CCMPONENT 

Printed Circuit^Boards 

Centralab Division 

Steatite Type 
(Uhcoated)   (3 ea) 

(Acrylic Coated)(3ea) 

Chance Vought Corp. 

Copper-clad fiberglas^ 2.1(8) 
Melamine (2.5" x k") 
following coatings 
were used: (l) Nitro- 
cellulose lacquer 

(2) Silicone Varnish 
(DC 997) 

(3)  Epoxy - polyamid 

CO Polyester 
catalyzed with 
methyl  ethyl 
ketone   (MEK  ) 
peroxide 

(5)    Utocoated 

DESIOI ALLOWABLES 

ergs 
gm-(C) 

5.5 (10 

cm 

3.6(15)ne Capacitance between 
leads (/ 3.3^) 

Capacitance between 
leads (/ 2^.) 
Some permanent ef- 
fects on both types 

BASIS FOR 
DESIGN 
ALLOWABLES 

Leakage I Increased 
by factor 1(3) at 
2.6(7) ergs/gm-(C) 

Leakage I Increased 
by factor 1(5) at 
2.6(7)e/g4)at 70oc 
Breakdown V(-30^) 

Leakage I increased 
by factor 1(4) at 
2.6(7)e/g-^)at 70oc 
Breakdown V(-20%) 

Leakage I increased 
by factor^1(3) at 
2.6(7)e/g4:)at 70oc 
Breakdown V(-25^) 
Superior coating of 
those tested. 

Leakage I Increased 
by factor^1(5) at 
2.6(7) ergs/gm.(c) 
Breakdown V (0.0%) 

RADIATION 
EFFECTS 

REFERENCE No. 

2 P. 776, 793 

111 

14 P. 3, 6 

Ik p. 3, 10 

Ik p. 3, 10 

Ik p.   3, 10 

U» p. 3, 10 



NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION 

COMPONENT 

Printed Circuit, Board 

DESIGN 
ALLOWABLES 

EFFECTS 

REFERENCE No. 
ergs 

Em-(C) 

n 

cm 

Continental Connector 
Corp. 

Glass Epoxy Type 5.5(10) 3.6(15)ne Insulation resistance 2 p. 782, 776 
(Uncoated)  (2 ea) decreased by factor 

1(4) at 1.2(l4)ne and 
1.7 (9)e/g-^ corrod- 
ed, and blistered. 

(Acrylic Coated) (2ea i  '' 11 Insulation resistance 
decreased by factor 
1(3) at 2.8(15) ne 

n 

and 4.3 (l0)ergs/gm-(C) 
corroded and blister- 
ed. 

Glass Melamine Type 5.5(10) 3.6(l5)ne Copper corroded, 1 
lead opened, 
capacitance between 
leads (/ 1'+"',) 

2P- 776, 785 

Nylon Phenolic Type 5-5(10) 3.6(l5)ne Capacitance between 2 P. 776, 792- 
79I» leads (-5^), No 

Physical damage but 
leads easily removed 
from board 

Paper Phenolic Type 5-5(10) 3.6(15)ne Capacitance between 2 P . 776, 787 
XXX P Leads (/ 7.7^), 

Boards were extremely 
Brittle 

Teflon Type 5.5(10) 3.6(l5)ne Board was destroyed 2 p. 776, 791 
by radiation 
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NUCLEAR RADIATION EFFECTS DEBIGN ALLOV.'ABLES 

MATERIAL OR 
|   COMPONENT 
Printed Circuit Board 

[DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION  1 
EFFECTS    ! 

REFERENCE No. 1 
[ergs 

rsm-(C) 
'    n 

'   crn^ 

1 Formica Corp. 
1 Subs. American 
1 Cvanamid Co. 

Glass Melamine Type 5.5(10) 3.6(l5)ne Capacitance (0^) 
Copper Strips cor- 
roded 

2p.776, 786 

Paper Phenolic Type 
36 

5-5(10) 3.6(15)ne Capacitance (/2U.7^) 
Boards were extreme^ 
Brittle 

2 p. 776, 788 
y 

General Electric Co. 

Paper Phenolic Type- 
XXXP 

5.5(10) 3.6(l5)ne Capacitance (/-Ih.i), 
Boards were 
Extremely Brittle., 
1 Lead opened 

2 p. 776, 788 

Mica Corp. 

G-i-ass Melamine Type 5.5(10) 3.6(l5)ne Capacitance (/ kOf,) 
Copper Strip Corroded 

2 p. 776, 786 

Paper Phenolic Type- 
6038 

5.5(10) 3.6(l5)ne Capacitance (/l6.5^) 
Boards Extremely 
Brittle 

2 P. 776, 788 
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NUCLEAR RADIATION EFFECTS LE5IGN ALLOWABLES 

MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION 

COMPONENT 
Printed Circuit 

DESIGN 
ALLOWABLES 

EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 
i    n 
i    p 

[Boards  .'   cm^ 

[New England Electronic Componeilt, Inc. 

2 pT76,78l Glass Epoxy Type 5.5(10) 3.6(l5)n« 
(Uncoated) (2 ea) Insulation resistanc 

decreased by factor 
1(14) @ 3.2(l5)ne & 
3.3(lO)ergs/gm-(c) 
Blistered & Warped 

! 

(Acrylic Coating) Insulation resistanc ! 
(2 ea) decreased by factor 

1(4) ® 3.2(l5)ne & 
3.3(lO)ergs/gm-.(c) 
Blistered & Warped 

Paper Phenolic Type 5.5(10) 3.6(15)ro Capacitance (+30^), 2 p776,788 
XXXP230 Boards extremely 

brittle 

Richardson Company 

5.5(10) 3.6(l5)n€ Capacitance (+12.5^) 2 p7T6,786 Glass Melamine Type 
Badly corroded 

Paper Phenolic Type 5.5(10) 3.6(l5)ne Capacitance (+12.1%) 2 p776,788 
XXXP Extremely brittle, 

1 broke by normal 
handling 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Printed Circuit Board 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

igra-(c) 

n 
5 

cm" 

Synthane Corporation 

5.5(10) 3.6(15 )n« Insulation reslstanc 
decreased by factor 
~L(4) @ 2.9(l5)ne & 
lt.3(l0)ergs/gm-(c) 
Strips corroded. No 
other damage 

j 2 p776,782 Glass Epoxy Type 
(Uncoated) (2 ea) 

(Acrylic Coating) 
(2 ea) 

n n 
Insulation reslstanc 
decreased by factor 
^1^) @ 3.2(l5)ne & 
3.3(10)e/g-(c), No 

>    ii 

Glace Mularaine Ty-pe 5.5(10) 3.6(15)™ Capacitance (+10^), 
Corroded strips. 
Extremely brittle 

2 p776,786 

Nylon Phenolic Type 5.5(10) 3.6(l5)m Capacitance (+21^), 
No physical damage, 
Copper strips easily 
removed 

2 p776,791 

Paper Phenolic Type 
XXXP 

5.5(10) 3.6(l5)n« Capacitance (+17^), 
Extremely brittle 

2 p776,787 

Taylor Fibre Company 

5.5(10) 3.6(l5)ne Insulation reslstanc 
decreased by factor 
^1(1+) inmediately. 
Blistered & Warped 

j 2 p776,78l Glass Epoxy Type 
(uncoated) (? ea) 

(Acrylic C -atinfO 
(2 ea) 

M 
M 

Insulation reslstanc 
decreased by factor 

-1(3) @ e.2(l5)ne & 
3.3(lO)ergs/gm-(c) 
Blistered & Warped 

" 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

Printed Circuit Board Bgrn.(c) 

Taylor Fibre Company(Jont«) 

Glass Melamlne Type 

Nylon Phenolic Type 

Paper Phenolic Type 
XXXP242 

DESIGN ALLOWABLES 

Miscellaneous 

Flourcarbon Type 

5.5(10) 

5.5(10) 

5.5(10) 

5.5(10) 

3.6(15)ne 

3.6(l5)ne 

3.6(l5)ne 

3.6(l5)ne 

BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 

Capacitance (-60^), 
Corroded, Extremely 
brittle 

Capacitance (+l6^). 
No physical damage. 
Copper strips loose 

Capacitance (+27^), 
Extremely brittle 

Boards melted in-pile 
due to radiation 
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2.20 

2.20.1 

raOTECTIVE CQATTWGS 

ENAMELS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOV/ABLES 

MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION 

COMPONENT 
Protective Coatings 

DESIGN 
ALLOWABLES 

.Kb'iVKCTS 
1 ergs 

gm-('c) 
n 

REFERENCE No i    5 
i  (Enamels) an 

Type I, white 1(11) Change of %  in 73 P. 17 
Enamel MIL-E-7729 reflectance, a mark- 

ed decrease in 
adhesion, a marked 
increase in abrasion 
resistance 

Type I, Red Enamel 7(10) A change in color. 73 P. 17 
MIL-E-7729 a slight decrease in 

adhesion, decrease 
in corrosion re- 
sistance. 

lype I, Black 7(10) A decrease in 73 P. 17 
Enamel, MIL-E-7729 adhesion, Improved 

flexibility. No 
effects were noted 
at 1 (lO)ergs/gm-(c) 

Drying Oil Alkyd 1(11) Very good resistance 73 P. 17 
Enamel Type 1 to radiation. 
MIL-E-7729 Further Irradiation 

would seriously 
degrade this materiaJ 

Glyceryl Pthalate Kll) Very good resistance 73 P. 17 
Alkyd Enamel, Type to radiation 
I, MIL-E-5557 
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2.20       raOTECTIVE COATINGS 

2.20.2    FINISHES 

NUCLEAR RADIATION EFFECTS DESIGN ALLOVJABLES 

MATERIAL OR 
COMPONENT 

Protective Coatings 
(Finishes)  

Phenolic (A Flienol- 
formaldehyde thermo- 
setting resin color- 
ed by a blue organic 
dye.) 
MiL-C-3043 Blue 

DESIGN ALLOWABLES 

gm-(C) 

1 (ID 

Epoxy 
Coatings 

MlL-C-4456 (USAF) 
Blue - Gray 

Sllicone - Alkyds 
MIL-E-256o6(USAF) 

White 
(Plaskon St-873 reeir 

1 (ID 

1 do) 

5 (ID 

BASIS FOR 
DESIGN 
ALLOWABLES 

This dose vas slight- 
ly harmful at 250OF 
but Improved the 
coating at 500oF. At 
500oF the humidity 
resistance and film 
condition Improved. 

Increased Irradiatlor 
caused a decrease in 
humidity resistance, 
adhesion, reflectance 
for the unbaked 
samples. For the 
baked samples, 
adhesion, abrasion 
resistance,humidity 
resistaa ce, flexlblllj- 
ty, and film proper 
ties decreased; the 
color changed also. 

Little Effect 

Large decrease in 
reflectance, adhesion, 
and film condition. 
A large Increase In 
abrasion resistance 

RADIATION 
EFFECTS 

REFERENCE No. 

73 P. 18 

73 P. 19 

73 P. 19 

73 p. 20 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Protective Coatings 
(Finishes)  

Nitrocellulose 
Lacquer MIL-L-7178 

Phenolic Coating 
MIL-R-30^3 

DESIGN ALLOWABLES 

ergs 

Em-(C) 

7 (10) 

5 (10) 

1 (11) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Moderate 
degradation. 

Appears to be the 
upper limit of 
usefullness. 

Excellent resistance 
to radiation and heal 

RADIATION 
EFFECTS 

REFERENCE No. 

73 P« 20 

73 P. 21 
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2.20 PROTECTIVE CQftTCTGS 

2.20.3 FLÜ0RT11ATED YINYLS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

Protective Coatings 
(Fluorinated Vinyls) 

DESIÖI ALLOV.'ABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
erpc 

em-(c) 
n 

cm 

M. W, Kellogg Co. 

FluorInated vinyl 1 (ID Unbaked samples 73 P. 19 
Lacquer, aliuninized, showed greatly in- 

creased abrasion 
resistance and 
apparent adhesion. 

n 
5 (11) Decreased abrasion 

resistance and ap- 
parent adhesion due 
to flaking of the 
film. 

73 P« 19 

1 (11) Baked samples de- 
creased apparent 
adhesion and increas- 
ed abrasion re- 
sistance 

73 P- 19 

b (11) Greatly decreased 
apparent adhesion, 
abrasion resistance, 
and flexibility 

73 P. 19 

Fluorinated Vinyl b  (ID This material has 73 P. 21 
Lacquer, aluminized poor resistance to 
FTTT,-F-6uO radiation.  At 1(11) 

there was moderate 
degradation at 7b0F 
and 2>ü0F.  Degra- 
dation was severe at 
5 (11) at 750F and 
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2.20 

2.20.U 

PROTECTIVE CQATIWGS 

IACQUERS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION 

COMPONENT DESIGN EFFECTS 
Protective Coatings 

erg^ 
ALLOWABLES REFERENCE No. 2 

(Lacquers) gm-(C) cm 

White Nitrocellulose 1 (ID A marked yellowing 73 p. 17 
Lacquer, MIL-L-7178 (27^ change in re- 

flectance), an in- 
crease in adhesion 
and humidity re- 
sistance, a decrease 
in flexibility, 
abrasion resistance, 
gloss, and film 
condition. 

Red nitrocellulose 1 (ID A noticeable darkenin I    73 P« 17 
La -quer, Mll-L-7178 increase in adhesion 

and abrasion re- 
sistance decrease In 
flexibility, gloss, 
and film condition. 

Black nitrocellulose 1 (ID Increased adhesion. 73 p. 17 
Lacquer, MIL-L-7178 abrasion resistance, 

humidity resistance, 
and a loss of gloss. 

N. B. Irradiations 
of 7 (10) embrittleö 
the lacquers, in- 
creased blistering 
in humidity.  No 
effect was noted 
at 1 (10)erg6/gm-(C) 

73 P. 17 
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2.21 RELAYS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION 

COMPONENT 

Relays 

DESIGN 
ALLOWABLES 

EFFECTS 
ergs 

Sm-(C) 

n 
REFERENCE No. 

cm2 

Allied Control Co.,In , 

4.36(12) CoilR(/7.3^) at 21 p. 35, 66 Type MH-1Ö0 i*.46(10) 
hermetically sealed (E>2.9MEV) 1.38(11)nf. Drop out 

(k  ea) current- erratic 

Branson Corp. 

6.3(16) No damage to 35 P.6.55, Time Delay, 6.3v 
heater (EX).5MEVJ Relay operation 10.127 

2P2T,   115V 
Type MTRH-3127 (lea) 

C.P. Clare and Co. 

a.2(10) 3.3(12) Coil R(/ 2.87%) at 21 p. 37, 68 Telephone Type 
(uncovered) (E>2.9MEV, 1.06(11)nf,Drop-out 
A29b3U        (1+ea) current (/ 3.26^) 

General Electric Co. 

7-3 (8) 5.1(15) Coil Ri^.^fi)  at 10 p. 16, 131 ZL176 Magnet wire 
(Basically Fortnex) (E>0.1MEV, 1.4(l5)nf, contact 

R(^ 12^) Type FB 100Y1  (3 ea) 

TFE Teflon wire 8,8(8) 5.7(15) Coil R (/ 5.9') at 10 p. 16, 132 
Type FB1Ü0Y2   (3 ea) (EXI.IMEV; 4.2(l5)nf, contact 

R(12.5£) 

ML Enamel Magnet .v'ire 9.7(8) 6.1(15) Coil R (/ 5-5^) at 10 p. 16, 133 
Type FB100Y3  (3 ea) (EX).1MEV) 5.1(l5)nr, Contact R 

(12.5^) 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Relays 

DESIGN ALLOV.'ABLES BASIS FOR 
DESIGN 
ALLOWABLKS 

RADIATION 
EFFECTS 

REFERENCE No. 
er^s 

Sm-(C) 

n 

^ 

Hartman Electrical 
Manufac turing 

Pover Contractor 
Coil: 28VDC 
Contacts: 200VAC, 
UOOcps 
Type BH-I38AH (lea) 

3(10) 1-7(16) 
(E>1MEV) 

Satisfactory oper- 
ation throughout 
test. 
Contact operation 
o.k. 

30 p. 183 

Hathaway Electronics 
Inc. 

Dri-reed relay 
Series M-Form A (lea 

6.7(10) 
) 

5.3(16) 
(E>0.3MEV; 

Normal operation 
throughout test 

31 P. 190 

Potter and Brumfield 
Inc. 

DPDT 2A at 30 VDC 
Type PBSCllD^ (3ea) 

1.1(9) 6.5(15) 
(E^O.IMEV 

Coil R (/ 4.5^) at 
2.3(15)nf, Contact R 
(A5#) at 2.3(15)nf 

10 p. 16, 13h 

SK-'T, 2A, 1.8K, 65111W 
Coil, 500V(FMS) 
PW Type      (2 ea) 

6.1(15) 
(EVD.5MEV; 

Contact resistance 
increased, contacts 
were pitted and 
black; not rec. for 
Hi-I or low Signal 
application in Nuc. 
Environment 

35 P. 10.119- 
124 

General Purpose 
Uncovered 
Type SPUD  (U ea) 

5.M10) U.5(12) 
E>2.9MEV) 

Coil R (/ 7.9^) at 
1.1+2(11) nf 
Drop-out I (/ 3.8516) 

21 P. 33, 6h 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 
Relays 

Potter and Brxunf ield 
Con't 

Midget, Hermetically 
Sealed, Type SM5DS 
{h  ea) 

DESIGN ALLOWABLES 

ergs 

Em-(C) 

5.5(10) 

2 PST - N.O. 
5,6 ma, SK 
Type MH 

28VDC 

(1+ ea) 

Price Electric Co. 

Rotary (uncovered) 
Type 76-3      (^ ea 

26vr)C, Selenoid type 
Hermetically sealed 
KB part ," 300R022 
(3 ea) 

) 

^•9(12) 
E>2.9MEV) 

1.2(1?) 
(EX1.5MEV 

7.6(10) 

3.7(10) 
5.7(9) 

6.1(12) 
;E>2.9MEV) 

2.2(lU)nf 
1.7(l6)nf 
(EX).5Mev) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Coil R (/ 7.8/0 at 
1.56(ll)nf 

Drop-out I  (/ 13.H) 

Pull-in V  {+30?6) 
Drop-out V  (±2036) 
Satisfactory oper- 
ation 

Coil  R (/  7.37*) 
at 1.93(ll)nf 

Pull-in,   drop-out 
Time,   current and 
voltage all  remained 
within specification 

RADIATION 
EFFECTS 

REFERENCE No. 

12U 

21 p. 36, 67 

35 p. 10.12U- 
127 

21 p. 39 

k p. 16-35 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
CCMPONENT 

Relays 

DESIGN ALLOV,'ABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION  I 
EFFECTS    i 

REFERENCE No 1 
ergs 

gm-(C) 
1    n 

|   cm^ 

1 Sigma Instruments, Inc 

6.9(10) 6(12) 
(E>2.9MEV 

Coil R (/8^)@ 2(ll)nf 
Drop-out I (/5.Tjt) 

at l.l(l2)nf 

21 p. 38, 69 Midget Hermetically 
Sealed 
Type 22 RJC-200G(Uea) 

Sensitive Aircraft 
Type 
Hermetically Sealed 
Type 5 RJ-20O06 (1+ea) 

5-5(10) ^.5(12) 
[E>2.9MEV) 

CoilR(/ 6.9^) at 
1. 1*2 (11 )nf, Drop-out 
I (/7.5^) at 3.7(12) 
nf 

21 p.31, 62  j 

Sensitive Aircraft 
Type 

Type 5R-20006 (Uea) 

9-9(10) 7.6(12) 
[E>2.9Mev) 

Coil R(/7.6-0 at 2.k 
(ll)nf. Drop-out I 
(/ 3.85^) 

21 p. 33, 6k 

Western Electric 

5.^(10) U.5(12) 
(E>2.9Mev) 

Coil R(/7.7^) at 1.5 
(ll)nf Drop-out I 
(/3.95*) 

21 p. 3V, 65  j Mercury-welted 
contacts 
Hermetically sealed 
Type 27^0  (kea.) 

Westinghouse Air 

3.9(10) 
5.5(9) 

2.3{lk)ot 
1.7(16)nf 
(EX).5Mev) 

Satisfactory oper- 
ation,! coil opened 

k  p.16-35 

Brake Co. 

26.5VDC, Hermetic   ! 
#312587-002  (4ea) 
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2.22       RESISTORS 

2.22.1     BOFON-CARBON COMPOSITION 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

resistors, Boron- 
Carbon Compositi': 

International Resistaifce Co. 

O.IK +1& 2W 
Type BOH, RN30 (12 eal 

10K+1^, 2W 
Type BOH, RN30 (12 ea 

10K+1^, 2W 
Tr/pe BOH, RN30 (12 ea 

DESIGN ALLOWABLES 

-g« 
sm.(c) 

2.it(l0) 

1.6(9) 

2.4(10) 

5.1(15)  , 
(E>2.9Mev) 

7.5(13) 
(E>2.9Mev)| 

5-1(15) 
(E>2.9Mev)^ 

BASIS FOR 
DESIGN 
ALLO's'ABL^S 

Res istance (-0. 2^6) 

No Resistance change 

Resistance(+0.6^) 

RADIATION 
EFFECTS 

REFERENCE No. 

23p 19, k6 

22p 3, 31 

23p 19. h8 
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2.22      RESISTORS 

2.22.2     BORON-CARBON Flirt 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Resistors, Boron- 

Corning Glase Works 

1».65K+1^ 
RN25R%31F 

International Reslstarce Co. 

(7 ea) 

DESIGN ALLOWABLES 

ergs 

Em-(C) 

2.6(10) 

D.lK+2^ 
RN20R1000G 

LK+l^t 
RN70B1001F 

IOOK+2^ 
RN20R1003G 

I Meg+2^ 
^NSORIOOUG 

(h ea) 

(3 ea) 

(h ea) 

(4ea) 

cm 

L.it(l5)ne 
9.0 (lT)nt 

2.5(10) 

U.l(lO) 

U.O(IO) 

I+.0(10) 

L.2(l5)ne 
3.9(l7)nt 

2.l(l5)ne 
L.7(l8)nt 

2.0(l5)ne 
L.3(l8)nt 

0(l5)ne 
L.3(l8)nt 

BASIS FOR 
DESIGN 
ALLOWABLES 

Resistance(+U.65t) 

Resistance(+16.9^) 
@ 1.13(l5)ne 

Res i stance (+1.15t) 

Res i stance(+11.8^) 
@ 1.88(l5)ne 

Resistance(+3.1^) 
@ 1.22(l5)ne 

127 

RADIATION 
EFFECTS 

REFERENCE No. 

2p 163,1^5 

2p 1U7,1U 

2p 145,186 

2p lkh,lk9 

2plUU,150 



2.22 RESISTOFS 

2.22.3     CARBON COMPOSITION 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

Allen-Bradley Co. 

MATERIAL OR 
COMPONENT 

Resistors, Carbon 
ComposItion  

0.1K+10^, 1W 
Type GB, RC-30(l2 ea) 

O.IK ^W      (3 ea) 

O.lK^MTL-R-llB 
RC32GF101J   (12 ea) 

O.IK 
RC20 BF101J       (4 ea) 

0.1K+10^,  Jw 
Type EB,   RC-20(12 ea) 

0.1K+10^,   2W 
Type IIB,  RC-30  (12ea) 

IK, MIL-R-11B 
RC32GF102J   (12 ea) 

IK, 
RC20BF102J   (5 ea) 

10K+105t, ^W 
Type EB, RC-20(l2 ea) 

10K+105t, 1W 
T\T>e GB, RC-30 (l2ea) 

DESIGN ALLOWABLES 

ergs 

gm-(C) 

6.2(10) 

5-7(10) 

2.6(10) 

5.1(10) 

6.2(10) 

6.2(10) 

2.6(10) 

2.9(10) 

6.2(10) 

6.2(10) 

l.U(l6) 
(E>2.9Mev) 

2.5(l7)ne 

1.0(l5)ne 

3.l(l5)ne 

1.U(16) 
(E>2.9Mev) 

l.h(l6) 
(E>2.9Mev) 

1.0(l5)ne 

1.0(l5)ne 

1.U(16) 
(E>2.9Mev) 

l.U(l6) 
(E>2.9Mev) 

BASIS FOR 
DESIGN 
ALLOWABLES 

ReEistance(-'t.9^) 
@ 2.88(lO)ergs/gm-(c; 

Resistance(-12^) 

Re s i s tance(-2.7^) 
© 4.34(ll+)ne 

Res i E tance(-2.9^) 

Resistance(+7.5%) 
® 3.5^(9)er6s/gm-(C) 

Res 1 s tance ( -k. lO,) 
© 1.95(10)ergs/gm-(C) 

Resistance(-3.3^) 
@ 7.06(l4)ne 

Res i s tance ( - 5. 55t) 

Resistance(-4^) 
@ 1.5(lO)9rgs/gm-(C) 

Resistance(-U.9^) 
€ 1.95(10 )ergs/gni-(C) 

RADIATION 
EFFECTS 

REFERENCE No. 

23p 19,li8,6l 

15P 26 

2p 25 

lp 300 689 

23P 19,^8,63 

23P 19,48,61 

2p 2? 

lp 308, 689 

23p 19,1*8,60 

23P 19,48,60 

I 
1 
I 
2 
I] 

II 
fi 
IJ 
i 
0 
I 
i 
I 
I 
I 
I 
I 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
CCMPONENT 

Resistors,   Carbon 
.^gngosltion 

Allen-Bradley con't 

RC07    (1 ea) 

ROOT    (1 ea) 

125K 
RC20BF124J (1+ ea) 

L25K 
RC32GF12^J  (12 ea) 

2U0K,^W 

L Meg ^-W 

(3 ea) 

(3 ea) 

L Meg 
^C32GF105J  (12 ea) 

LO Meg,|-W   (3 ea) 

DESIGN ALLOWABLES 

ergs 

gm-(C) 

1(9) 

1(9) 

5.7(10) 

2.6(10) 

5.7(10) 

5-7(10) 

2.6(10) 

5.7(10) 

7(15) 
(E>0.1Mev) 

7(15) 
(l>0.1Mev) 

2.l(l5)ne 

1.0(l5)ne 

2.5(l7)ne 

3.5(l7)ne 

1.0(l5)ne 

2.5(l7)ne 

BASIS FOR 
DESIGN 
ALLOWABLES 

ReEistanceOO-ll^t) 

Resistance (C<1%) 

Res i stance(-7. 7^) 
@ 1.87(l5)ne 

Resistance(-6.556) 
e6.58(llt)ne 

Re s i s tance(-12^) 

Resistance(-9^) 

Resistance (-6.8^6) 
Q 6.58(lU)ne 

Re s i s tanc e ( -lO^t) 

RADIATION 
EFFECTS 

REFERENCE No. 

IQp 126 

IQp 126 

lp 325, 690 

2p 29 

15P 26 

15P 26 

2p 31 

15P 26 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR I DESICTJ ALLOV.'ABLES BASIS FOR RADIATION 

COMPONENT 
Resistors, Carbon 

DESIGN 
ALLOWABLES 

EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 

n 
g 

cm 

[nternational Resistan :e Co. 

1.4(16) ReEistance(+5^) 23p 19,^,50 3.1K+10^, 2W 5.2(10) 
Type BTB, RC-1+1 (a2ea) (E>2.9Mev) ® 1.95(10)er6s/gm(c) 

10K+10^, 2W 6.2(10) 1.4(16) Resistance(+6.3^) 
@  1.95(10)ergs/gm-(CJ 

23p 19,48,51 
Type BTB, RC-41 (l2ea) (E>2.9Mev) 

10K+10%, 2W 1.6(9) 7.5(13) Resistance(+0.75^) 22p 3,31 
BT-13, RC'+lG10e2K (E>2.9Mev) § 2.97(l3)nf 
(12 ea) 

Speer Carbon Co. 

5.1(10) 3.1(l5)ne ReEiEtance(-10.3^) lp 300,689 O.IK 
RC20BF101J (k ea) 

IK 2.9(10) 1.0(l5)ne ResiEtance(-4.8^) Ip 308, 689 
RC20BF102J  (3 ea) S 9.i+5(l5)ne 

125K 5.7(10) 2.l(l5)ne ReEiEtance(-5.9^) lp 325,690 
RC20BF124J (1+ ea) @ 1.9(l5)ne 

1 Meg 2.1(10) 6.6(l4)ne Resistance (-20.55^) lp 317, 690 
RC20BF105J (4 ea) 

B 

D 
j 

r 
n 
1; 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

I MATERIAL OR 
COMPONENT 

Resistor, Carbon 
Composition  

Stackpole Carbon Co. 

O.IK 
RC20BF101J  (k ee.) 

IK 
RC20BF102J       (4 ea) 

12 5K 
RC20BF12^J       (4 ea) 

1 Meg 
RC20BF105J       (U ea) 

DESIGN ALLOWABLES 

crg£ 

m -(c) 

5.1(10) 

2.9(10) 

5-7(10) 

2.1(10) 

cnT 

3.l(l5)ne 

1.0(15)ne 

2.0(l5)ne 

6.6(lU)ne 

BASIS FOR 
DESIGN 
ALLOWABLES 

Reslstance(-3.3^) 

Resistance(-6.7^) 

ReElstance(-15.85t) 
@ 1.9(l5)ne 

ResiEtance(-13.15t) 
@ 6.2(lJ+)ne 

RADIATION 
EFFECTS 

REFERENCE No. 

Ip 300,689 

Ip 308,689 

lp 325,690 

Ip 317,690 
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2.22 

2.2S.U 

RESISTORS 

CAHBON FILM 

NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

itesifitors. Cflrhnn Fill 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs n 

p 
cm' 

Aero vox Cor E- 

4.0(10) 2.0(l5)ne Resistance (+4.356) 
@ 1.4(l5)ne 

2pl52,144 0.1K+2^ 
RN20X1000G 

p.lK+256 
RN25X1000F (2 ea) 

2.5(10) 1.2(l5)ne Resistance(+1.7^) 
@ 9.9(l4)ne 

2pl67,l44 

p.lK+256 
teN25X1000G (It ea) 

2.5(10) 1.2(l5)ne Resistance (+1.6^6) 
& 1.04(l5)ne 

2p 177,144 

pjC+2^ 
RN20X1001G (**  ea) 

2.5(10) 1.2(l5)ne Resistance(-1.7%) 
© 2.54(l4)ne 

2p 153,144 

lK+25t 
RN25X1001G (k ea) 

3.8(10) 2(l5)ne Re.'!iEtance(-1.55t) 
@   2.49(l3)ne 

2p 179,144 

100K+25t 
PN20X100JG (It  ea) 

2.0(10) 3.0(l4)ne Resistance (-1.956) 
& 1.75(l4)ne 

2p 156,144 

LOOK+2^ 
SN25X1003G (4 ea) 

3-8(10) 2(l5)ne ReEiEtance(-1.5Jt) 
® 1.34(l3)ne 

2p 181,145 

250K+15t 
RN25X2503F (2 ea) 

4.5(10) 2.3(l5)ne Resistance (-O.856) 
(a 1.76(l5)ne 

2p 175,144 

1 Mep+2^ 
RN25X10ÖUG (3 ea) 

3.8(10) 2(l5)ne Resistance(-556) 
ü1 1.42(l5)ne 

2p 182,145 

1 MeF+2^ 
RN20X100UG {h  ea) 

2.0(10) 3.0(l4)ne Resistance (-256) 
@ 1.67(l4)ne 

2p 159,144 

1 Meg+2^ 
RN25X100UF (2 ea) 

4.2(10) 2.0(l5)ne Resistance (-2.756) 
@ 2.63(l3)ne 

2p 172,144 

I 
I 
e 

11 

( 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
CCMPÜNENT 

Beeistgrs. Cartga.mi 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 

n 

cmy 

Daven Co., The 

2.5(10) 1.2(l5)ne Resistance(+2.6^) 2p 168,144 O.lX+1^ 
RH25X1000F (It ea) 

International Resistai ice Co. 

1.4(16) 
(E>2.9Mev) 

Resistanee(+3^) 
@ l(lO)ergs/gm-(C) 

23P 19,^8,55 O.lK+1^, 2W 
Type DCH, RN'30(l2ea) 

6.2(10) 

0.1K+2^ 
RN20X1000G (k  ea) 

2.5(10) 1.2(l5)ne Res istance(-1.6^) 
@ 2.67(l4)ne 

2pl76,l44 

O.IK+2^ 
RN20X1000G (h  ea) 

4.0(10) 2.0(l5)ne Resistance(-1.4^) 
@ 2.49(l3)ne 

2p 151,144 

RN25X10OOF (2 ea) 
2.5(10) 1.2(l5)ne Resistance(+l.l^) 

@ 8.54(l4)ne 
2p 165,144 

0.1K+15t 
RN75B1000F (3 ea) 

4.6(10) 2.2(l5)ne ResiEtance(+1.3^) 
@ 9.6(l3)ne 

2p 188,144 

O.IX, -2-W 
(Molded) (3 ea) 

5.67(10) 2.5(l7)ne ReEistance(+2.5^) 15P 25, 29 

lK+25t 
RN25X1001G (k  ea) 

3.8(10) 2(l5)ne ReEiEtance(-1.7^) 
@ 1.3(13)ne 

2p 178,144 

lK+2^ 
RN20X1003G (U ea) 

2.0(10) 8.0(l4)ne ResiEtance(-l.l^) 
®  1.59(l4)ne 

2p 154,144 

lK+2^ 
RNTOAIOOIF (3 ea) 

4.1(10) 2.l(l5)ne ReEiEtance(+25.1^) 2p 185,144 

I 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION 

COMPONENT DESIGN 
ALLOWABLES 

EFFECTS 

REFERENCE No. 
ergs 

©n-(C) 

n 
5 

fArbon Pill cm 

IRC con' t 

350V 3(10) 1.4(14) Resistance(-K).25t) 4p 42 1X+1*, i-w 
Type HTC (6 ea) a (E> 0,5 

Mev) 
@  5.2(l3)nf 

(6 ea) 6(9) 2.2(16) 
(E>0,5 
Mev) 

Resistance(-1.85t) 
@ 1.04(l6)nf 

40p 40 

1K+1%, 1W 500V 5.M10) 1.6(16) Resistance (-1,85t) 4p 41 
Type HTF (6 ea) (E^> 0.5 

Mev) 
@ 1,09(16)nf 

II (6 ea) 2.6(10) 1.2(14) 
(E>-0.5 
Mev) 

Resistance (-0,55t) 
@ 4.4T(l2)nf 

4p 43 

IX 2.9(10) 1.7(l5)ne Resistance Varies lp 367,690 
RF50K102 (3 ea) from (+5.65t)-max.of 

(+6.04f) at shutdown 

10K 2.9(10) l,7(l5)ne Res i s tance (+6,695t) lp 375,690 
RF50K103 (3 ea) 1 falled-opened 

XOK+ljt, 2W 1.6(9) 7.5(13) ResiGtance(-2.15t) 22p 3,31 
pCH, RN30X1002F (12ea) (E>2.9Mev) 

10K+1%,   2W 6.2(10) 1.4(16) Resistance(-K), 55t) 23P 19,W,55 
ppe DCH, RN30 (12 ea) (E>2.9Mev) ® 4.43(9)ergs/gm-(c) 

77K+2#,^W 1(9) 7(15) Resistance (-1,356) 10p 126 
RN20X, DCC 
(3 ea^ 

Series (E>0.1Mev) ®  7.5(l4)nf 

LOOK 2.9(10) l.7(l5)ne Res i stance ( -4.935t) lp 349,690 
^I^OKIOUK (6 ea) ü 3.19(l4)ne 

LOOK 2.9(10) l.7(l5)ne Res 1 stance ( +9.935t) lp 384,690 
W50K10'» (3 ea) 

I 
B 

: 

D 
n 

0 

[i 

I: 

( 

I 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Resistors, Carbon Fill i 

IRC con't 

100K+2^ 
RN25X1003G    (U ea) 

2li0K,   ?W 
Molded (3 ea) 

250K+1^ 
RNT5B2503F    (3 ea) 

250K+15t,   |W,   35OV 
Type HTC (6 ea) 

(6 ea) 

250K+1^,   1W,   500V 
Type HTF (6 ea) 

(6 ea) 

250K+15t 
RN25X2503F    (2 ea) 

1 Meg+25t 
RN25Mr004G     (4 ea) 

1 Meg+l^t 
RN25X100i*F     (2 ea) 

1 Meg+1^ 
5^753100^       (3 ea) 

DESIW ALLOV;ABLES 

gm-(C) 

3-9(10) 

5.6(10) 

4.6(10) 

3.8(9) 

3 (10) 

6(9) 

3.3(10) 

U.2(10) 

3-9(10) 

it.2(10) 

i*.6(l0) 

2(l5)ne 

2.5(lT)ne 

2.2(l5)ne 

1.6(16) 
(E> 0.5 
Mev) 
1.4(l4)nf 

1.6(16) 
(E> 0.5 
Mev) 
1.9(14) 
(E» 0.5 
Mev) 
2.0(l5)ne 

2(l5)ne 

2.0(l5)ne 

2.2(l5)ne 

BASIS FOR 
DESIGN 
ALLOWABLES 

Resistance(-1.8^) 
® l-34(l3)ne 

Resistaace(+2.55{) 

Resistance(+4.4^) 
@ 2.19(l5)ne 

Resistance(+4.2^) 
@ 5.4(l3)nf 

ReEistance(+l.T?6) 

Res i s tance(-2.7%) 
@ 1.34(l6)nf 

Resistance(+2.3^) 
@ 1.07(l4)nf 

Resistance(+1.1^) 
@ 8.6(l4)ne 

Resistance(-2.4^) 
@ 2.26(l4)ne 

Resistance(+2.7%) 
@  9(l4)ne 

Resistance(+2. 5^) 
@  4.31(l4)neJall 
opened @ 9.6(l4)ne 

RADIATION 
EFFECTS 

REFERENCE No. 

2p 180,144 

15P 25,29 

2p 191, 144 

4p 40 

4p 42 

4p 41 

4p 43 

2p 173,144 

2p 183, 144 

2p 170, 144 

2p 190,144 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Resistors,  Carbon 
Film 

IRC con't 

1 Meg,   J« 
Molded (3 ea) 

1 Meg+l^fe,   hl,   350V 
Type HTC     (6 ea) 

(6 ea) 

1 Meg+ljt,   1W,   500V 
Type HTF     (6 ea) 

(6 ea) 

DESIGN ALLOWABLES 

ergs 

gm-(c) 

5-6(10) 

T.4(9) 

2.6(10) 

5.M9) 

3-3(10) 

2.5(l7)ne 

2.2(16) 
;E>> 0,5 
Mev) 
1.2(14)1* 

1.6(16) 
(E>0.5 
Mev) 
1.9(U) 
(E> 0.5 
Mev) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Resistance (+7^6) 

Resistance(-2.8^) 
@ 6.8(l5)nf 

Re s i stance (+3.45t) 

ReEistance(-2.2^) 
@ 3.68(15)nf 

Resistance(+2.4^) 
@  1.08(l4)nf 

RADIATION 
EFFECTS 

REFERENCE No. 

15P 25,29 

kp ko 

hp k2 

kp kl 

kp h3 

D 
0 
D 
n 

n 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

}fBSBt.nT-g|    r-AT^hnn   Win 

Mepco,  Inc. 

MATERIAL OR 
COMPONENT 

0.1K+1^ 
RNT5D1000F 

O.lK+ljt,   5W 
rype-C-25P 

(3 ea) 

(12 ea) 

10K+15t,   2W 
C177BN.  RN8OB1002F 
(12 ea) 

(12 ea) 

10K+15t,   5W 
T^pe C-25P    (12 ea) 

(12 ea) 

DESIGN ALLOWABLES 

gm-(C) 

10K+l^,l/8w(Herm.Seal} 2(9) 
LS 51t56-090       (h ea) 

(k ea) 

15K+1^, 1/8 W, RN60B 
(Herrn. Sealed) {h  ea) 

27K+1^ 
RN65B2702 

(1* ea) 

(U ea) 

1|.6(10) 

6.2(10) 

1.6(9) 

6.2(10) 

1.6(9) 

6.2(10) 

cm 

2(9) 

2.6(10) 

S.2(15)ne 

1.U(16) 
(E>2.9Mev) 

7.5(13) 
(E>2.9Mev) 

(E>2.9Mev) 

7.5(13) 
(E>2.9Mev) 

1.4(16) 
(E>2.9Mev) 

1.2(16) 
(E>0.1Mev) 

1.3(16) 
(E>0.1Mev) 

1.2(16) 
(E)O.lMev) 

1.3(l6)nf 

1.4(l5)ne 

BASIS FOR 
DESIGN 
ALLOWABLES 

Re6istance(+2. Tf>) 
@ 9.6(l4)ne 

Resistance(+2.4^) 
@ 2.52(lO)er6s/gin-(C 

Resistance(-0.6^) 

Resistance(-0.5^) 
@ 3.54(9)er8s/gm-(c) 

Resietance(-0.25t) 

Resistance(+0.85t) 
@ 8.63(9)er6s/gm-(c) 

Resistance(-0.63%) 

Resistance(+1^) 

Resistaiice(+0.135t) 

Resistance(+1^) 

Res istance ( -1.595t) 
@ 3.28(lU)ne 

RADIATION 
EFFECTS 

REFERENCE No. 

2p 167,1^5 

23P  19,W,57 

22p 3, 33 

23pl9,48,57 

22p 3, 31 

23P 19,'-8,57 

10p 129 

32p 3,Fig.28 

10p 130 

32p 3, Pig.28 

2p 184,145 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

Resistors r Carbon Film 

Mepco con't 

250K+15t 
RN75b2503F      (3 ea) 

1 Meg+1% 
RNT5B100liF      (3 ea) 

Resietance Products 
Co. 

10 A 

RFUO KlOO     (6 ea) 

10 JX 
RF50 K100     (3 ea) 

O.IK 
RF50 K101       (3 ea) 

IK 
RF50 K102       (3 ea) 

IK 
RFJ+0 K102      (6 ea) 

10K 
RFUO K103 (6 ea) 

DESICTI ALLOWABLES 

rgt 
&n-(,C] 

4.6(10) 

4.6(10) 

cm 

BASIS FOR 
DESIGN 
ALLOWABLES 

2.2(l5)ne 

2.2(l5)ne 

2-9(10) 

2.9(10) 

2.9(10) 

2.9(10) 

2.9(10) 

.9(10) 

L.7(l5)ne 

l.7(l5)ne 

L.7(15)ne 

.7(l5)ne 

.7(l5)ne 

.7(l5)ne 

Reslstance(-0.8^) 
@ 1.05(l5)ne 

Resistance(-1.95t) 
@ 1.62(l5)ne 

Res i s tance(-1.68^) 
@  1.68(15)ne 

Reslstance(+3.8l5t) 
@ 1.68(l5)ne 

Re6iBtance(-9.635t) 

Resistance(-1.156) 
@ 1.59(l5)ne 

ResiBtance(-4.89^) 
6.47(l3)ne 

Res i stance (-2.27?t) 
@ 6.47(l3)ne 

RADIATION 
EFFECTS 

REFERENCE No. 

2p 191,  145 

2pl45,l89 

1P332,690 

lp 356,690 

lp 361,690 

Lp 369,690 

P337,690 

Lp343,690 

D 
B 
n 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

Resistors. Carbon Fll i. 

MATERIAL OR 
COMPONENT 

RFC con't. 

10K 
RF50K103      (3 ea) 

100K 
RF50 KlOh      (3 ea) 

DESIGN ALLOWABLES 
ergs 
gm-(C) 

2.9(10) 

2.9(10) 

Sprague Products Co. 

0. 1K+I5t, ^W( Filmi stor 
RN65B. k06E  1000F 
(1 ea) 

IX (Pyrolytic) 
RN65B, Type U06E 

1 Meg (Pyrolytic) 
RN65B, T^-pe W6E 

1.7(l5)ne 

1.7(l5)ne 

6.2(10) 

7.2(9) 

7.2(9) 

1*.2(16) 
(E>0.1Mev) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Resistance(-0.91^) 
@ 5.l8(l^)ne!> lea 
opened in-pile 

Resistance(-1.11^) 
@ 3.19(l1*)ne 

Resistance(+26.95t) 
@ 1.29(l5)nf 

Res istance (+0.25t) 

Resistance(-0.2%) 

139 

RADIATION 
EFFECTS 

REFERENCE No. 

Ip377,690 

lp386,  690 

12p 178 

k3p212-lk 

U3p 212-llf 



NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

nßm-Cc) 
n 

2 cm 

Texas  Instruments  Inc 

2.5(10) 1.2(l5)ne Resistanoe(+l^) 
@ 1.6l(lU)ne 

2pl66,lH 0.1K+15t 
RN25X100F       (2 ea) 

0,931K+1^ 
CD i-R 

7.5(9) 3.7(15) 
(E>lMev) 

Resistance(+1.8U^) 
@ 5(l4)nf 

12p 157 

II 
1.3(15) 
(E>2.9Mev) 

Resistance<«l^ 
Rec.   for Low IV r. 
Nuc.  Environments 

lip 23,25 

250K+1^ 
RN25X2503F       (2 ea) 

U.2(10) 2.0(l5)ne Res istance(-0.6%) 
0 1.23(l5)ne 

2p nk,lhk 

1 Meg+15t 
RN25X100UF       (2 ea) 

4.2(10) 2.0(l5)ne Resistance(-5^) 
@ 2.63(l3)ne 

2p 171,1^ 

Western Electric 

CUC jW 
Epoxj' Tube     (3 ea) 

5.6(10) 2.5(l7)ne Res iEtance(0.8^) 
Not Rec. for Nuc.   use 

15P 25,28 

250K 5W 
Epoxy Tube       (3 ea) 

5-6(10) 2.5(l7)ne ResiEtance(+135t) 
1  failed;n«t Rec. 
for Nuc. use 

15P 25,28 

1 Meg |W 
Epoxy Tube       (3 ea) 

5.6(10) 2.5(l7)ne Resistance(+38%) 
Not Rec. for Nuc.  use 

15P 25,28 

i  Meg 2W 
dlass  Enclosed  (3ea) 

5-6(10) 2.5(l7)ne Resistance(+6^) 
1 failed @ 2(l7)ne 

15P 30,31 

5 Meg 2W 
Glass  Enclosed     (3ep) 

5.6(10) 2.5(l7)ne Resistance(+5^) 
1  failed @ 9(l6)ne 

15P 30,31 

1 

I 
I 
1 
: 

D 
li 
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2.22 RESISTORS 

2.22.5 MTTAL Fim 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

}PBlst.nT-B(   MPt.ftl    Film 

Jornlng Glass Works 

D.lK+2^,   7V,  Pyrex 
corerRD31P1000G (6ea) 

3.1K+25t,  2W,   Solid 
31as6  core RD65PIOOOG 
(6 ea) 

5.65K+2^,   |W,  @ 1200C |b.2(l0) 
350V Pyrex core,   CGW- 
S-20     (1 ea) 

DESIGN ALLOWABLES 

ergs 

gm-(C) 

3.0(10) 

5(10) 

15K+25t,   2W,   Solid p.5(lO) 
31aEE  core, RD65P1502G 

30K+256,     2W,   Solid        |U.2(10) 
Slass  core, RD65P3002G 

38K+2^,   TV,   Pyrex corej 1+.2(10) 
RD31P3832 (3 ea) 

(3 ea)    13.0(10) 

kOK+211,,   2W,   Solid |3-0(l0) 
Slass  core, RD65PUOO3G 
(6 ea) 
58K+2^, TV,   Pyrex coreJ3(lO) 
3D31P6812G   (6 ea) 

3.l(l3)nf 

?.3(l5)ne 

^.2(16) 
(E> 1 Mev) 

L.5(l6) 
(E>2.9Mev) 

2.3(l5)ne 

5.l(l3)nf 

S.0(l5)ne 

?.l(l3)nf 

3.1(13)nf 

3.l(l3)nf 

BASIS FOR 
DESIGN 
ALLOWABLES 

Resist6uice(+2.8^) 
@ 2.69(l3)nf 

Resistance(+8.5^) 
@ 1.36(l5)ne 

Res i s tance( -0.6k%) 
@ 1.65(l6)nf 

Res is tance (-0.64 5t) 
@ 5.9(l5)nf,Rec. for 
Lov Pwr. Nuc. use 

ResiEtance(+750 
@ 1.58(l5)ne 

Res i stance (+22.995t) 
@ 5.3(l3)nf 

Res i s tanc e (+4. U^t) 
@ l.U8(l5)ne 

Resistance(+2.1^) 
@  2.77(l3)nf 

Resistance (+26.45t) 
@ 2.8(l3)nf 

Resistance(+2.9^) 
@  2.0l(l3)nf 

RADIATION 
EFFECTS 

REFERENCE No. 

2p 38,36 

2P 42, 36 

12p l6l 

up 11,25 

2p 43, 36 

2p 44,36 

2p 39, 36 

2p UO, 36 

^P 45, 36 

?p 41, 36 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Resistors, Metal Filn 

DESIGN ALLOWABLES BASIS FOR 
PESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergr. 

gm-(C) 
n 

cm 

Daystrom, Inc. 

5.2(10) 4.2(16) 
(E>lMev) 

Res i stance (+2.265t) 
§ 1.29(l5)nf 

12p 179 1K+I5t, |-W, Vamistor 
1001F ^852 (lea) 

International Resist« nee Co. 

2.5(l7)ne Resistance(+1.5^) 
© 9(l6)ne 

15P 26, 23 O.IK, JW 
Molded  (3 ea) 

5.6(10) 

2.5K+1*. (glass) 
XLT Series (k  ea) 

1(9) 7(15) 
(EX).lMev) 

Resistance (-0.285t) 10p 126 

2.87K+15J, 0.1W 
RN55, EM Series (kea 

1(9) 7(15) 
(B>0.1Mev) 

Res i stance (-K). 285t) 
@  6(12)nf 

10p 126 

9.75K+1*, 1/8W 
Herrn. Sealed-Glass 
Type XLT   (k  ea) 

1(9) 6.8(15) 
(ETO.lMev) 

Resistance(0.0^) 10p 128 

10K+1& £w 
CEB Series (h  ea) 

1(9) 7(15) 
(ETO.lMev) 

Res i s tance ( -0.2856) 
Q  6(12)nf 

10p 126 

lOK+l^t, 1/8W, MEA 
Serlesj RN60C1002F 
(h  ea) 

1(9) 6.8(15) 
(EpO.lMev) 

Resistance (+O.025t) 
@ 1.5(l3)nf 

10p 127 

RN60C  (2 ea) 
1(9) 7(15) 

(E>0.1Mev) 
ReEistance(0.05t) lOp 126 

8lK+l^ 
RN60C    (2 ea) 

1(9) 7(15) 
(E>0.1Mev) 

Res i stance (-0.125t) 
© 6(l2)nf 

10p 126 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

i        MATERIAL OR 
COMPONENT 

Resistors. Metal Filn 

| DESICai ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION     j 
EFFECTS 

REFERENCE No. j 
1 ergs 
| gm-Tc) 

11          n 
1        ^ 

IRC con't 

2itOK,   |W 
Molded      (3 ea) 

5.7(10) L5(l7)ne Res istance (-K). 9^) 15p 26,  23 

1 Meg 4w 
Molded       (3 ea) 

5-7(10) 2.5(l7)ne ResiBtance(+1.3W 
@ 7(l6)ne 

15p 23, 26 

I  Key Resistor Coi-p 

O.UC+l^ 
Type A-66      (l ea) 

7.2(10) 4.8(16) 
(E> IMev) 

Resistance(+27.150 
® 9.54(l3)nf 

12p 177 

30K+1*,  Jw @ 1250C 
350V, EM-70,MIL-R- 
10509-C    (1 ea) 

7.2(10) 4.8(16) 
(E> IMev 

Resi6tance(-5.85t) 12p 175 

lOOK+l^t,  ^W 8 1250C 
350V,IM-70,   Mil-R- 
IO509-C    (1 ea) 

7.2(10) U.8(16) 
(E>1MBT) 

Resistance(-2.06^) 
@ 2.6T(l6)nf 

12p 17k 

100K+1^ 
A-66.  Mil-R-10509-C 

1    (lea) 

7.2(10) 4.8(16) 
(E > IMev) 

Resistance( -1.65t) 
@    2.67(l6)nf 

12p 176 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

Resistors, Metal Film 

Litton Systems, Inc. 

0.26K, Deposited 
Ni Or film on BaTiO- 
wafer  (l ea) 

7-5(10) 

0.28K, Deposited NiCr7 
film on BaTl O3 wafer 
(1 ea) 

DESIGN ALLOWABLES 

ergs 

Sm-(C) 

5(10) 

+.0(16) 
(E>lMev) 

It.0(16) 
(E>lMev) 

Ohmlte Manufacturing Oo. 

0.1K+15t,   ^-W 
Type 771-2       (12 ea) 

10K+1&   i-W 
Type  771-2       (12 ea) 

5.2(10) 

5.2(10) 

Pyrofilm Resistor Co, 

125K+l# 
T:-pe PT-60     (1 ea) 

2  15K+15{. 
Typ« PT-60       (1 ea) 

Inc 

7.5(10) 

6.3(10> 

cm 

L.4(16) 
(E>2.9Mev) 

.4(16) 
E>2.9Mev) 

1|.0(16) 
(E>lMev) 

3(16) 
(E>lMev) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Resistance(+8.86^) 
@ 1.9(l5)nf 

Res i6tance(+ö.665t) 

12p 167 

12p 166 

Resistance(+2.1^) 
® 1.8l(10)ergs/gm-(C) 

Resistance(-K).U^) 
@ U.87(9)ergs/gm-(C) 

Resistance(+2.65^) 
® 1.19(l5)nf 

Res i s tance(-6.U2^) 
@ 1.3(l6)nf 

RADIATION 
EFFECTS 

REFERENCE No. 

23P 19,  W 

23P 19,  h8 

L2p 168 

L2p I69 

I 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OH 
COMPONENT 

Resletors. Metal Fll) 

DESim ALLOWABLES 

Sprague Products Co. 

IK 
RM65C, Type ^E 

750K 
RN65C, Type kl9E 

M(9) 

7.1(9) 

Varo Manufacturing 
Co.. Inc. 

0.65K, Experimental 
Microcircuit,  NiCr 
Film,  No.  235 

ergs 

gm-(c) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Recistance(-*O.150 

Resistance(-0.05^) 

Weston Instruments 
Div of Davstrom, Inc. 

0.25K |W 
Vamistor Type  (3 ea) 

10K+1^,  yW,   9800Seri^s 1(9) 
RN 5bClC»2F     (U ea) 

2i*OK,  |W J5.7(10) 
Vamistor Type    (3 ea 

1 Meg,  & 
VaiciEtor Type  (3 ea) 

1.9(10) 

5-7(10) 

1.5(15) 
(E>2.9Mev) 

2.5(l7)ne 

6.8(15) 
(E>0.1Mev) 

2.5(l7)ne 

5.7(10)    2.5(17)ne 

Resi8tance(0.05t) 
Rec for use in Nuc. 
Environment 

Resistance(+200^) 15p 25,27 
2 failed.(not Rec. foj 
Nuc. use ) 

Resistance <<l<f> 

Opened after a dose 
2.7(l6)ne, (not Rec. 
for Muc. use) 

Opened after dose of 
2.7(l6)ne (Not Rec. 

for Nuc. use) 

RADIATION 
EFFECTS 

REFERENCE No. 

43P 214 

43p 214 

12p 153 
Up 25 

lOp 127 

I5P 25, 27 
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P. 23 RESISTORS 

2.22.6 TEMIBRATURE SENSITIVE 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
CCMPOKENT 

Resistors, Temp. 

Texas  Instrument^Inc 

0.1K+10^ @ 250C 
Senslstor,   Silicon 
Teinp. Sens.  P-100 

O.lK+10^ © 250C 
Type T012 Silicon, 
Senslstor,  TC-l/8 

DESICTf ALLOV,'ABLES 

ergs 
gm-(C) 

7.6(9) 

7.6(9) 

3-8(15) 
(E^>lMev) 

3.8(15) 
(E>lMev) 

BASIS FOR 
DESIGN 
ALLOI^ABLES 

Res1s tanc e(+2280^) 

Reslstance(+6290^) 

RADIATION 
EFFECTS 

REFERENCE  No. 

12p 158 

12p 159 
up 23 

1W 

l 
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2.22       RESISTORS 

2.22.7     WIREWOUND 

NUCLE/VR RADIATION EFFECTS DESIGN ALLOWABLES 

1   MATERIAL OR 
CCMPONENT 

IDESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION  ! 
EFFECTS 

REFERENCE No 1 
er^s 

Em-(C) 
n 

cm^ 

Cinema Engineering 

6.3(10) »».3(10) 
[E> IMev) 

Res1s tance(+2.34^) 
® 1.29(l5)nf 

L2p 171 1K+1^ @ 250C, |W @ 
300y,Mil-R.-93, Mil- 
R-941fi+,CE 2T6E (lea) 

OJC+l^t @ 250C, 1W @ 
6O0V; CE 2T8E (1 ea) 

6.3(10) ^3(16) 
(E > IMev) 

Res i stance ( +1. 7W 
@ 2.U(l6)nf 

12p 173      j 

10OK+l^ @ 250C, 1W 
® ecOV, CE 278E (lea) 

6.3(10) ^•3(16) 
(E>lMev) 

Resistance(-1.7^) 
§ 3.35(l6)nf 

12p 172 

lOOK+l^t @  250C, |W 
@ SOOV^CE 276E (lea) 

6.3(10) ^.3(16) 
(E>lMev) 

Res i stance (-2.295t) 
@ 2.U(l6)nf 

12p 170      j 

Dale Products, Inc. 

1K+1^, 1W, Precision 
RS-1A   (1+ ea) 

2(9) 1.2(16) 
(E>0.1Mev) 

Resistance(-0.9^) 
© 6(l5)nf 

10p 129 

IK+l^t, IVj   Precision 
Power, ARS-2 (2 ea) 

2(9) 1.2(16) 
(E>0.1Mev) 

ReEistance(« 1^) 10p 129 

1U7 



NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
CCMPONENT 

1 DESIOT ALLOV-'ABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

ergs n 
gm-(C) 

KUFJURKNUE No. 
cm 

Daven Co., The 

»».5(10) ;.4(13)nf Resistance(+0.'f5t) 2p 129,117 O.lK+0.5^ 
Mil-R-?W^(USAF) & l(12)nf 
AFRT 1 9E100R0D (3ea) 

O.IK+0.5^ ♦•5(10) >.k(13)nf ResistanceC-0.7%) 2p 117, 135 
Mil-R-olt44(USAF) © 2.3(l3)nf 
AFRT19J100R0D (3ea) Blistered 

lOK+l^t 2(9) 1.2(16) Resi6tance(-0.07^) 10P 129 
AFRT Series (4ea) (E>0.1Mev) @ 6(l5)nf 32p 3, Pig-28 

360K+0.5i> 1*.2(10) 5.l(13)nf Resistance(-0.35t) 2p 136,117 
Mil-R-^^CUSAF) © 5.2(l2)nf 
AFRT a9J36002D (3 ea] 

360K-K).5/t ^.5(10) 6.i+(l3)nf ResiEtance(-O.356) 2p 131,117 
Mll-R-^'+CuaAF) @ 3.1(l3)nf 
AFRT 19E 36002D ^eai 

1 Mee-K).5^ 3.^(10) 3.6(l3)nf Resistance (-2.256) 2p 133,117 
Mil-R-9^i+ (USAF) ©1.3 (I3)nf 
AFRT 19E 10003D (3ea, 

1 Meg+ 0.55^ 2.5(10) 3.6(l3)nf Resistance (+3.556) 2p 139,117 
mi-R-9^1* (USAF) @ 7.'+(ll)nf 
AFRT 19J 10003D (368. 

:; 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Resistors, Wire vound 

International Resistaice Co 

20 .«- 
RW33G2OR0  (li ea) 

20A.+556,1W 
Mil-R-26C 
RW31G20R0  (U ea) 

O.IK 
RB1TAE100R0F  (h  ea 

0.2K 
RW31G201  (U ea) 

0.2K+55t, low 
Mil-R-26C 
RW33G201  (i4 ea) 

0.2K+5^, 38W 
Mil-R-26C 
RW35G201   (4 ea) 

0.31^+0.05^ 
Type 208A 

IK 
RB 17AE10O00F(l+ ea) 

XK+lfL,   3W @ 25 C 
Mil-R-26C 
P/N AS2 (1 ea) 

DESIGN ALLOWABLES 

ergs 

Em-(C) 

3(10) 

2.6(10) 

3-1(10) 

2.4(10) 

It.1(10) 

l>.1(10) 

7.5(9) 

L.8(10) 

6.3(10) 

2.2(l5)ne 

T.4(lii)ne 

1.2(15)ne 

9.3(l'+)ne 

2.U(15)ne 

2.6(15)ne 

•7(15) 
E >IMev) 

6.5(l2*)ne 

'■.-(16) 
;E>lMev; 

BASIS FOR 
DESIGN 
ALLOWABLES 

Resistance(+9.Ul5t) 
® 1.9(l4)nf 

Resistanoe(+12.5^) 
@ 4.1(13)ne 

Re s i s tance (-K). ^9^) 
@ 9.6(l3)ne, 1 ea. 
operated intermitteni 

Resistance(-K).35t) 
® 8.8(ll*)ne 

Res i s tance(+1.1^) 
@ 1.5U(l5)ne 

ip 1*10, 691 

2p 53,^9 

Ip 271, 689 

Ip 39^,691 

2p 74, 49 

Res is tance(-0.2^) 
@ 1.26(l5)ne 

Res istance( -0.065t) 
@ 2.63(l3)nf, Rec. 
Lev Pwr. Nuc environ- 
ment 

ResiEtance(+0.19^) 
®  3-5(li*)ne, 1 opened 
in-pile 

Resi6tance(+7.3^) 
8.58(l3)nf 

RADIATION 
EFFECTS 

REFERENCE No. 

2p 94, 50 

L2p 160 
25, 23 for Lip 

Lp 280, 689 

12p l6U 

IU9 



NUCLEAR  RADIATION  EFFECTS  DET.IGM ALI.O'.'ABLES 

MATERIAL OR 
COMPONENT 

Resistors, Wire wounc 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
orßü 

Rm-(C) 
n 

cm' 

IRC con't 

2K+5*, 38W 
Mil-R-26C 
RW35G202   (U ea) 

3-3(10) 1.5(l5)ne ResiEtance(-0.2^) 
<a  l.l(l3)ne 

2p 100,50 

2K 
RW33G202  {k  ea) 

3(10) 2.2(l5)ne Resistance(+1^) 
&  1.2J+(l5)ne 

lp Ulf, 691 

2K 
RW31G202   (U ea) 

2.M10) 9.3(l1*)ne Res is tance ( +0.65^6) 
@ 5.9(l1+)ne 

lp 1*03, 691 

10K+1^, 2W 
WW-2-J, RE16AE1002F 
(12 ea) 

1.6(9) 7.5(13) 
(E>2.9Mev) 

ReEistance(0.0%) 22p 3,33 

(12 ea) 6.2(10) 1.U(16) 
(E>2.9Mev 

Res istance(+0.3^) 
@ 1.35(10)ergs/gm-(C) 

23p 19,^8,59 

10K+5^, 2W 
RW32G1002, Tvpe 2C 
(12 ea) 

1.6(9) 7.5(13) 
(E>2.9Mev) 

ReEistance(0.0 f) 22p 3, 33 

(12 ea) 6.2(10) l.U(l6) 
(E>2.9Mev) 

Resistance(+0.6^) 
@ 2.3(10)ergs/sm-(C) 

23P 19,48,59 

20K+5^, 10W, Mil-R- 
26C, RW31G203 (l+ea) 

3.M10) 1.9(15)ne ReElEtanr;°(0.0^) 2p 58, k9 

20K+55t, 38w 
Mil-R-26C 
RW35G203   (1* ea) 

3-8(10) 2.4(l5)ne Res istance(+0.7^) 
@ 2(l5)ne 

2p h9,  102 

20K 
RW33G203   (h  ea) 

2.9(10) 2.2(l5)ne Res i ■;tancp( -2. 5^) 
@ 1.8(lU)ne 

lp k2k,  691 

100K 
RB17AE100O2F (^ ea) 

2.9(10) 9„6(l^)ne Resistance(-0.99^) 
& 9.6(13)ne 

lp 291, 689 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Resistors, Wire wound 

Kelvin Electric Co. 

10K+1^, O.IW 
EP Series  (U ea) 

llK+156, vW 
EP Series  (1+ ea) 

DESIGN ALLOWABLES 

ergs 

ßm-(C) 

1(9) 

1(9) 

BASIS FOR 
DESIGN 
ALLOWABLES 

5.8(15) 
(E>0.1Mev) 

?.8(15)  N 
,E>0.1Mev) 

Mepco, Inc. 

O.IK 
RBITAEIOOROF  (U ea) 

O.lK+i^, Mil-R-^M* 
AFRTltElOOROD (6 ea) 

0.1K+H,   Mil-R-91*1*^ 
AFRTltjlOOROD (6 ea) 

O.lK^t, Mll-R-9i*4i+ 
AFRTIUKIOOROD (3 ea) 

O.IK^, Mil-R-^1* 
AFRTigElOOROD (3 ea) 

O.lK+^t, Mil-R-91i1*1+ 
AFRT19J100ROD (3 ea) 

IK 
RB17AE10OOF (U ea) 

IOOK 
RB17AE10002F (U ea) 

3.1(10) 

3-9(10) 

3-9(10) 

I*.5(10) 

^.5(10) 

^.5(10) 

.8(10) 

.5(10) 

L.2(l5)ne 

5.7(l3)ne 

?.7(13)"« 

5.4(l3)ne 

5.U(13)ne 

S.'+(l3)ne 

5(l4)ne 

?.6(lU)ne 

Resistance<< 1^ 

Resistance(-5.17^) 
@ 1.5(l3)nf 

10p 127, h 
36 Fig. 32 

10p 127, h 

Resistance(+3.94^) 
@  8.8(lit)ne 

Res i s tance(+0.62%) 
&  1.5(l3)ne 

Resistance (+0.656) 
@ 3-8(l3)ne,Blistered 

Res istance( +0.3%) 
@ l(l3)ne, Blistered 

Res istance (-K). k<f,) 
@ l(l3)ne, Blistered 

Resistance(+0.5^) 
@ 2.26(l3)n^Blistered 

Res i E tance(+0.79%) 
3.7(lMne 

ReEistance(-0.89%) 
@ 4.1(ll0ne 

RADIATION 
EFFECTS 

REFERENCE No. 

Lp 271, 689 

2p 119, 117 

2p 122, 117 

>p 117, 125 

2pll7,   128 

2p 117, 13^ 

Lp 280, 689 

Lp 291, 689 
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NUCLEAR RADIATION EFFECTS DEHIGN ALLO'.'ABLES 

MATERIAL OR 
COMPONENT 

Resistors.   Wire wounc 

Mepco eon't 

360K+^%,  Mil-R-9^4    3.9(10) 
AFRTiUE36002D (6 ea) 

360K+H, mi-R-9hhk   14.6(10) 
AFRTltj36002D    {6 ea, 

360K+H,  Mil-R-9i+4U     4.5(10) 
AFRT14K 3C002D    (6ea; 

DESIGN ALLOWABLES 
ergs 

OTII -(c) 

360K+g^, Mil-R-9444 
AFRT19E36002D    (3 ea] 

360K+5it,  Mil-R-9444 
AFRT19J36002D    (3 ea] 

1 Mep+g^,   Mil-R-9444 
AFRT15E10O03D    (5 ea] 

1 Mee+^%,  Mil-R-9444 
AFRTl5jl0003D     (6 ea) 

1 Meg+j^,   Mil-R-9444 
AFRT15K10003D (6 ea) 

^•5(10) 

4.2(10) 

3-9(10) 

^.5(10) 

4.6(10) 

3-4(10) 1 Meg+^jt, Mil-R-9444 
AFRT19E10003D (3 ea) 

1 Meg+Jr^, Mil-R-9444 |2.5(10) 
AFRT19j10003D  (3 ea) 

5.T(l3)ne 

6.6(13)ne 

6.4(l3)ne 

6.4(13)ne 

6.1(l3)ne 

5.7(l3)ne 

6.4(l3)ne 

S.6(l3)ne 

3.6(l3)ne 

3.6(l3)ne 

BASIS FOR 
DESIGN 
ALLOVAELES 

Res i stance (+0. 9^6) 
© 4.4(12)ne,Blistered 

Rss i stance (-0.456) 
@ 1.2(l3)ne, one 
opened 

ReEiEtance(-l.l^) 
Ü  2.26(l3)ne 

Res i stance(-0.3%) 
© 3(l3)ne 

Res i s tance(-0.4^) 
©  5.2(l2)ne 

Resistance(+3.2^) 
@  4.7(l3)ne 

Res istance(-1.3%) 
@ 3.1(l3)ne 

Res i s tance(-3.6$) 
® 3(13)nej 1 opened 
in-pile 

Resistance(-2^) 
@ 1.3(l3)ne 

RATIATION 
EFFECTS 

HEFERETICE Nc 

2p 120,117 

2p 117,   123 

2p 117, 126 

2p 117, 130 

2p 117,137 

2p 117, 121 

2p 117, 124 

2p 117,   127 

2p 117,   132 

Resistance(+3.5^)   PP 117, I38 
S l.l(l2)ne 

152 

i 
I 
I 
T 

:: 

0 
II 

fl 

1: 

i; 

!" 

D 
[i 

D 
D 
1 
0 
i: 
!, 



r 
i NUCLEAR RADIATION EFFECTS DESIGN ALLOV7ABLRR 

. 

f MATERIAL OR 
COMPONENT 

Resistors, Wire vounc 

DESIGN ALLOV,'ABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 

n 

r cm^ 

Ohmite Manufacturing Co. 

2.3(l5)ne Resistance(+15.06^) 
@ 1.27(l5)ne 

Ip 470, 691 i 20 .A. 
RW33CI20RO {h  ea) 

3(10) 

i 20«.+5^, 38W 
RW35G200 (3 ea) 

3-7(10) 2.3(l5)ne Resistance(-3.4^) 
9 l.T(15)ne 

2p 89, 49 

i 20.«.+5^, Mil-R-26C 
RW31G20R0 (4 ea) 

2.6(10) 7.4(l4)ne Re8istance(+6.9^) 
@ 4.1(13)ne 

2p 54, 49 

i 
0.2K 
RV/31G201  (4 ea) 

2.U(10) 9.3(l4)ne Res istance (+2.34^6) 
@ 5.4(l4)nej 1 opened 
in-pile 

lp 394, 691 

0.2K+5^, 18W 
Mil-R-26CJ RW33G201 
(1. ea) 

4.1(10) 2.4(l5)ne Resistance(+4.4^) 
@ 1.54(l5)ne 

2p 75, 49 

0.2K±5^, 26W,Mil-R- 
26CJRW33V201 (U ea) 

4.1(10) 2.4(l5)ne Re s i s tance (+1.25t) 
@ 1.3(15)ne 

2p 82, 49 

i 0.2K+5^, 38W 
Mil-R-26CJRW35G201 
(U ea) 

4.1(10) 2.6(l5)ne ReEistance(+1.2^) 
@ 1.57(l5)ne 

2p 50, 92 

0.2K+5^, ihV 
Mil-R-26CyRW31V201 
(3 ea) 

4.4(10) 2.3(l5)ne Resistance (+2.9^6) 
@ 1.92(l5)ne 

2p 49, 63 

i 
0.2K+5*, 55W 
Mil-R-26CJ RW35V201 
(3 ea) 

3-5(10) 1.4 (I5)ne Resistance(+4.1^) 
@ 1.3(15)ne 

2p 50,106 

2K 
RW33G202 {k  ea) 

3(10) 2.2(l5)ne Resistance(+1.5^) lp 417, 691 

i 
2K 
RW31G202  (U ea) 

2.4(10) 9.3(l4)ne Resistance(+1.75^) 
© 5.4(l4)neJ2 
opened in-pile 

lp 403, 691 

i 
i 

i 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
!          COMPONENT 

1 Resistors.   Wire wounc 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLO'-'ABLES 

RADIATIOW     f 
EFFECTS 

REFERENCE No. 
ergc 

[ gm-(C) 
'         n 

1           p 
cm ' 

1 Ohmite con't 

2K+5#,   l^W 
Mil-R-26C,RW31V202 
(U ea) 

3.5(10) 1.8(l5)ne ReEiEtance(+l^) 
© 1.3(l5)ne 

2p U9,  68          1 

2K+5&   26W 
Mil-R-26CJRW33V202 
{h ea) 

u.i(io) 2.1+(l5)ne Reel stance (+1 "fi) 
® 1.53(l5)ne 

2p U9,  85 

2K+556,  38W 
Mil-R-26C,RW35G202 
{k ea) 

3.3(10) 1.5(l5)ne ReEiEtance(+1.15^) 
@ 8.9(l4)ne 

2p 96,  50 

2K+5&   55W 
Mil-R-26C7RW35V202 
(2 ea) 

3.1(10) 1.9(l5)ne Res i stance(+4.1^) 
§ 9.6(l4)ne 

2p 110,  h3 

6K+1^,   1W Size A 
Mil-R-26C,   Mil-R- 
10509-C,T>Te 88A 
(1 ea) 

6-3(10) ^•3(16) 
(E> IMev) 

Re£istance(-0.78^) 
Reconnnended for lev 
Pwr. Nuc.   Environ- 
ment 

12p 162 
lip 25                 | 

20K 
RW33G203       (U "a) 

2.9(10) 2.2(l5)ne ResiEtance(-K).9^) Ip \2h,  691       | 

20K+5&   55W, 
Mil-R-26C^ RW35V203 
(h ea) 

3.8(10) 2.U(l5)ne ResiEtance(+3.8^) 
(g l(l5)ne 

2p 112,   50         | 

ResiEtors,   Inc. 

2X.+5%,   ikV 
Mil-R-26C^RW31V202 
{h ea) 

3.2(10) 1.6(l5)ne ReEiEtance(-l^) 
ei.l(lU)ne 

2p TO,   49 
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NUCLEA.R RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Resistors, Wire wound 

Sprague Products Co. 

20 .n-+556,   ihV , Mil- 
R-26C, RW3iy20R0  (k ea 

20.^. +5io,   26W,   Mil-R- 
26 C^Ew 33V20RO (1» ea 

20.fv.+5^, 55W, Mil-R- 
26C; RW35V20R0 (U ea) 

O.IK 
RB17AE100R0F (1* ea) 

0.2K +5^, l^W, Mil- 
R-26C7RW31V201 (i* ea) 

IK 
RB17AE10000F (U ea) 

2K +_5^, Mil-R-26C 
Koolohm,10 NIT (l ea) 

2K +_5^,   I1*«,   Mll-R- 
26C;RW31V202  (i< ea) 

2K  +5$,   55W,   Mil-R- 
26c, RW35V202   (2 ea) 

20K +5*, 1CW, Mil-R- 
26C, RW31G203 (»♦ ea) 

20K +5%,   l^W, Mil-R- 
26C/RW31V203 (3 ea) 

20K +5^, 26W, Mil-R- 
26C/RW33V203 (^ ea) 

10CK 
RB17AE10002F (U ea) 

2K ±5*,   26W,  Mil-R- 
26C,   RW33V202  (l^ea) 

DESIGN ALLOV.'ABLES T 

ßm-(C) 

U.8(10) 

3.1(10) 

Mio) 

3.1(10) 

u.U(io) 

1.8(10) 

6.3(10) 

3.5(10) 

3.1(10) 

3.M10) 

l*.i*(lO) 

3.1(10) 

2.5(10) 

1*.1(10) 

 n 

3.l(l5)ne 

1.9(l5)ne 

3.l(l5)ne 

1.2 (15) 
ne 

2.3(l5)ne 

6.5(l1t)ne 

»♦.3(16) 
(E>1 Mev) 

1.8(l5)ne 

1.9(15)ne 

1.8(15)ne 

2.3(l5)ne 

1.9(l5)ne 

9.6(lU)ne 

2.U(l5)ne 

BASIS FOR 
DESIGN 
ALLOWABLES 

Resistance (+0.3^) 
@ 2.1»(lU)ne 

Resistance (-2.85t) 
@ 8.6(l4)ne 

Resistance (+3.956) 
@ 7.2(llt)ne 

Resistance (+3.315t) 
@ 9.3(l^)ne 

Resistance (+0.255t) 
@ 1.5(l1»)ne 

Resistance (+1.585t) 
@ 5.5(l,+ )ne 

Resistance (+4.15t) 
@ 8.6(l3)nf 

Resistance (-0.7%) 
@ 2.8(lU)ne 

Resistance (+0.3%) 

Resistance (+0.1%) 
@ 8.2(lU)ne 

Resistance (-2.3%) 
@ l4.6(ll)ne 

Resistance (+0.2%) 
@ 8.3(lU)ne 

Resistance(-0.99%) 
@ l.U6(lU)ne 

Resistance (+0.U%) 
6 3(l,*)ne 

RADIATION 
EFFECTS 

REFERENCE No. 

2 p. U9, 6l 

2 P. 1»9, 79 

2 p. 50, 105 

1 p. 272, 689 

2 p. 1*9, 6k 

1 p. 280, 689 

12 p. 163 
Up. 25 

2 p. 69, ^9 

2 p. U9, 168 

2 p. 1*9, 56 

2 p. 72, 1*9 

2 p. 88, U9 

1 p. 291, 689 

2 p. 1*9, 81* 
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NUCLEAR RADIATION EFFECTS DESIGN ALLO'.'ABLES 

MATERIAL OR 
COMPONENT 

Resistors, Wire wound 

rruoim Products Div, 
^odel Eng, and Manuf. 
Co. 

20 JU 
nW33G20RO (h  ea) 

20JV+5^, 10W, Mil-R- 
26C;RW31G20RO (U ea) 

20JV+5«t, ikV,   Mil-R- 
26C;RW31V20RO (U ea) 

ZOTi.+pt,   26W, Mil-R- 
26C,RW33V20RO 

20^.+5^, 38w, MU-R- 
?6CyRW35G2O0 (U  oa) 

20-rt.+5^, 55W, Mil-R- 
26C; RW35V20R0 (h eo.) 

0.2K 
HW31G20I ('t ea) 

0.2K ^5^, 1'tW, Mil-R- 
26CJRW31V201 (^ ea) 

0.2K _t_5^, l8W, Mil-R- 
,6C/RW33G201 (h  ea) 

0.2K ^5^6, 2ÖW, Mil-R- 
26C, fS!33V201  (h  ea) 

0.2K ^556,   33W,  Mil-R- 
26C/RW35G201   (U  ea) 

0.2K +5%,   55W,   Mil-R- 
26C; RV.'35V201   (3  ca) 

2K 
RW31G202   (it ea) 

2K 
aW33G202  (ij  ea) 

DESIGN ALLOWABLES 
ergs 

gm-(C) 

3(10) 

.6(10) 

I*.8(10)    3.l(l5)ne 

BASIS FOR 
TESIGN 
ALLOV.'AELES 

?.3(l5)ne 

J.h{lh)ne 

3.1(10) 

3.7(10) 

MIO) 

.^(10) 

J».J*(10) 

14.1(10) 

14.1(10) 

2.14(10) 

1.9(15)ne 

2.2(l5)ne 

3.l(l5)ne 

?.3(lJ0r 

.3(l5)ne 

2.14(15 )ne 

2.14(15 )ne 

14.1(10)    2.6(l5)ne 

3.5(10)     l.U(l5)ne 

9.3(l,One 

3(10) 2.2(15)ne 

RADIATION 
EFFECTS 

REFERENCE No. 

Resistance (-14.92^) 
® 1. 7(ll4 )ne 

Resistance  (-1^6) 
® 1. Ol4(l3 )ne 

Resistance (+0.3^) 
@ 1.25(15)ne 

Resistance (+8.'r5t) 
@ 1.3(l5)ne 

Resistance   (-0.5^) 
@ 2(ll4 )ne 

Resistance (+5.3^) 
immediately 

Resistance   (+1.66^) 
§ S.MlMne 

Resistance (+2.2^) 
@ 1.9(l5)ne 

Resistance (+14.3^) 
<S  1.5(15 )ne 

Resistance (+1.3^) 
@ 1.3(l5)ne 

Resistance (+0.14^) 
@ 1.6(ll4)ne 

Resistance (-1.1^) 
§  l.l(]5)ne 

Resistance (^1.73*) 
@ 5.9(l'*)neJ  2 
norted in-pile 

Resistance (+1.6^) 
@ 1.145(15 )r.e 

1 p. I4IO,   691 

2 p. 55, hg 

2 p. 60, I49 

2 p. 149, 78 

P. 90, 50 

2 p. 10I4, 50 

1 P. 39'*,  691 

2 p. I49, 66 

2 p. I49, 76 

2 p. I49, 80 

2 p. 50, 93 

2 p. 50,   107 

1  p. I4O3,   691 

1   p. I4I7,   691 

i! 
D 
D 
n 
D 

Ö 

l\ 
; 

II 

II 

156 

[i 

: 

I 



I 
f. 

I 

I 

1 

1 

I 
I 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Resistors, Wire wound 

[DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 
n 
2 cm 

Truohm Cont'd 

3.2(10) 1.6(l5)ne Resistance (+1.2*) 
@ l.l(l5)ne 

2 p. 67, h9 2K +5%,   IhV,  Mil-R- 
26CJRW31V202 (1* ea) 

2K +5^, 26W, Mll-R- 
26C7RW33V202 (4 ea) 

U.l(lO) 2.U(l5)ne Resistance (+1*) 
@ 1.5(l5)ne 

2 P. 83, k9 

2K +5^, 38W, Mll-R- 
26C;RW35G202 (^ ea) 

3.3(10) 1.4(l5)ne Resistance (+1.2l)@ 
1(15 )ne 

2 P. 50, 98 

2K +5^, 55W, Mll-R- 
26C^RW35V202 (2 ea) 

3-1(10) 1.9(l5)ne Resistance (+3.6*) 
®  9.1*(lJt)ne 

2 P. 1*9,  109 

20K 
RW33G203 {U  ea) 

2.9(10) 2.2(15 )ne Resistance (+1.9*) 1 p. h2h,  691 

20K +3%,   1CW, M1I-R- 
26C; RW31G203 (it ea) 

3.^(10) 1.9(l5)ne Resistance (+3.7*) 
@ 1.7(l5)ne 

2 P. ^9, 57 

20K +5%, l^W, Mil-R- 
26C, RW31V203 (U ea) 

J».Mio) 2.3(l5)ne Resistance (+^*) 
@ 1.95(15)ne 

2p. 71, h9 

20K +5& 26W, Mil-R- 
26C^RW33V203 (U ea) 

3.1(10) 1.9(l5)ne Resistance (+^.59*) 2 P. 87, '♦9 

20K +5%, 55W, Mil-R- 
26^ RW35V2C3 C* ea) 

3.8(10) 2.U(l5)ne Resistance (+3-3*) 
@ 2(15)ne 

2 P. 113, 50 

Ultronix, Inc. 

3.9(8) Resistance(-1.52*) 
@ I*.7(6)ergs/gzn-(C) 

12p. IU7 IK *0.1^ 
102P-AA 

LK +0.1* 
102F-AA 

1.8(10) 1.M15) 
(E>2.9 
Mev) 

Resistance (0.0*) 12 P . 151 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 1 

MATERIAL OR 
COMPONENT 

Resistors,  Wire wound 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RATI/.TION 
EFFECTS 

REFERENCE No. 
1 
7 

ergs 

Bin-(C) 

n 
■p ■ 

cm " 

Ultronix,   Inc.   Cont. 

3.9 (8) Resistance  (0.05t) 12 p. ivr 

1 
LOOK +0.1^ 0 102P-MB 

100K  +0.1^ 
102P-MB 

1.8(10) 1.M15) 
(E>2.9 
Mev) 

Resistance   (O.Ojt) 12 p. 152 D 
n 
(] 

0 
(i 

ü 

l! 
D 
li 
11 
0 
) 
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2.23 SEMICONDUCTOR  DEVICES 

2.23.1 DIODES 

NUCLEAR RADIATION EFFECTG DE5ION AIJiOVABLES 

MATERIAL OR 
COMPONENT 

Semiconductor De- 
vices, Diodes 

Bell Telephone Labf 

Diff. junction 
(7.inc)(l ea.) 

i-iaf;nesiuin  - doped. 
Tin Alloyed   .iunction 
(l ea.) 

DESIGN ALLOWABLES 

ergs 

Bomac Labs 

1N21B,   Gl  Crystal 
Rectifier  (2 ea) 

CBS Hytron, Div. of 
Columbia Broaäcast- 
inc Sygtcn 

1N53 Crystal 
Rectifier  (2 oa.) 

^.6 (15) 
(EX),1 
Mev  ) 

^.6 (15) 
(EXl.l 

Mev   ) 

1.1   (10 

3.9(10) 

6.6(lU)ne 

2.U(i5)ne 

BASIS FOR 
DESIGN 
ALLOWABLES 

RATIATIOM 
EFFECTS 

REFERENCIO  No. 

Forward Bias (+19.U^ 
Reverse V (+20.5^) 

Forvard Bias 
(+^3.5^) & Reverse 
V (37.5^) @ 2.2 
(I5)nf 

17 P 135 

17 p 1U5 

Backward I (+1100^) 

Permanent damage 

Forward I (-85.5^) 
Backward I (+7115^) 
Failed in-pile 
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NUCLEAR RADIATION EFFECTS DESIGN ALLO&.'ABLES 

MATERIAL OR 
COMPONENT 

Semiconductor Devices 
Diodes 

CD3137. Zener Diode 
(3 ea.) 

CD 31^7 Zener Diode 

(2 ea) 

CD 1*113, Zener 
Diode, 
Temp. Compensated 
(2 ea) 

DESIGN ALLOWABLES 
ergt 

'gm-(C) 

1(9) 

1(9) 

1(9) 

Fairchild Semi- 
conductor Corp. 

FD20h  Diode  (U ea ) 

FA 2083 Diode (U ea 

1(9) 

1(9) 

cm 

6.8 (15) 
(Ei>0.1 
Mev) 

6.8(15) 
(EX).l 
Mev) 

6.8(15) 
(EXI.l 
Mev) 

6.8(15) 
(EX).l 
Mev) 

6.8(15) 
(EX).l 
Mev) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Zener V 3 100 uA 
(-36.3^) @ 5.^ (15) 
nf, Knees round 

Zener V 3 100 nA 
(-6.^) ®  2(13) nf, 
Knees Round 

Zener V @ 100 \x A 
i-kli)  S 5.Ml5)nf, 
Knees Round 

Forward V drop 
(+185^) 

Forward V drop 
(-23.8S6) @ 5.^(15) 
nf 

RADI/.TION 
EFFECTS 

REFERENCE No. 

10 p 11, 77, 
113 

36 Fig. 31 

10 p 11, 77, 
113 

36 Fig. 30 

10 p 11, 77, 
113 
36 Fig. 29 

10 p 10, 75, 
110 
36 Fig. 27 

10 p 10, 110 
36 Fig. 25 
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NUCLEAR RADIATION EFFECTS DST.ZOM AIJ/KABLES 

1   MATERIAL OR 
COMPONENT 

1 Semiconductor De- 

DESIGN ALLOWABLES BASIS FOR 
I5ESIGH 
ALLOWABLES 

RADIATION  1 
EFFECTS 

REFERENCE No. 1 
ergs 

CTn-(C) 
f    n 

cm^ 

1 General Electric Co. 

C35, Si PNPN 
Rectifier (2 ea.) 

1.7(7) 7(13) 
(EX).l 
Mev) 

^Q    (+1900^) 

good to -^l(lU)nf 

l6 p 121-131 

C5B139, Si Controlle« 
Rectifiers (2 ea.) 

1(9) 1(16) 
(EX).l 
Mev) 

Failed @ l(l2)nf 10 p 13, 116 

2NU90 Silicon 
Unijuction (2 ea.) 

1(9) 1(16) 
(E>0.1 
Mev) 

Failed @ 5(ll)nf 10 p 11+, 80 
53 P 1 

2Nlt91 Silicon 
Unijunction (2 ea.) 

1(9) 1(16) 
(B>0.1 
Mev) 

Failed @ 5(ll)nf 10 p 1^, 80 1 
53 P 1 

1N2939 Tunnel Diode 
(5 ea.) 

7.5(9) 6.M15) 
(E>0.1 
Mev) 

I (-S#) ® l(l^)nf 
lP^122j| 
Vfp(-

23*) 

10 p 19, 136 { 
139            1 

EM13920A (Graded 
2NU90) Sil. Uni- 
junction (2 ea.) 

1(9) 1(16) 
(EX).l 
Mev) 

Failed 5(ll)nf 10 p 1U, 80 

6RSTPH T0THB1, 1575 
VAC Single phase, 
half-wave, 1.6raa, 
Selenium Rectifier 
(2 ea.) 

2.5(30) 1.6(16) 
(E>1 Mev) 

DC Output (+10^) 30 p 181-182 

6RS32LB1ADH1, 28 Vdc 
10A, Single phase, 
full-wave Selenium 
Rectifier (l ea.) 

2.5(10) 1.6(16) 
(EXI.l 
Mev) 

No changes noted 30 p 181-182 
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NUCLEAR RADIATION EFFECTS DESIGN AI.r/5'..'ABLES 

MATERIAL OR 
COMPONENT 

Semiconductor De- 
vices, Diodes 

(DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

HEFERENCE No. 
er?s 

5B-(C) 
n 

cm^ 

Kemtron Electron 
Pdts., Inc. 

1N21B Si Crystal 
Rectifier (l ea.) 

1.1(10) 5.6(lU)ne Backward I (+150^) 
@ 5(l^)ne, Permanent 
damage 

1 p 1*62-473 

Microwave Associates, 
Inc. 

1N21B Si Crystal 
Rectifier  (l ea.) 

1.1(10) 6.6(l4)ne Backward I (Failed 
&  2.2(l'0ne 

1 p 1*62-473 

MA-159D Si Mixer 
1 to 1+ KMc  (6 ea.) 

8.7(10) 2.1(16) 
(E>1 Mev) 

Still Operational at 
end of test, gradual 
degradation 

30 p 91-106 

Motorola, Inc. 

IN^S, Si Reference 
Diode, Temp. Com- 
pensated (5 ea.) 

9(8) 8(15) 
(B>0.1 
Mev) 

Zener V @ 2.5 ma 
(+37.2^) Rounding 
of "breaking point" 
@ lt.7(l'+)nf, Zener 
V changes appreciably 
®  3(l5)nf 

10 p 11, 77, 
lilt 
53 p 2 

Pacific Semicon- 

1.8(10) 7.9(15) 
(E>1 Mev) 

Forward I ®  2V(-9U.2^ 
@ 2.6(l5)nf, Reverse 
I 9 23.5 V (-9^) @ 
2.8(l5)nf 

)12 p 12U-126 

ductors, Inc. 

FD105 Diode (3 ea.) 

PC115, Alloyed Si, 
Abrupt,Junction 
.SOS . Ü ?%., 

1(9) 6.8(15) Forward V drop 
(-^25^) 

10 p 110 
36 Pig. 2 
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2.23 SEMICOWDUCTOR IgVICES 

2.23.2 TEMPERATURE SENSORS 

NUCLEAR RADIATION EFFECTS DEr.IGM ALLOWABLES 

MATERIAL OR 
COMPONENT 

Semiconductor Devices 
Temp. Sensors 

1 DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 
n 

cmy 

Fenwall Electronics, 
Inc. 

Thermistors  Type 
X-A 10K 100oC (U ea) 

X-B 20 Men 1000C 
(Uea.) 
X-C 100 Meg 100 C 
(1. ea.) 

3.8(9) 7.2(15) 
(E->2.9 
Mev) 

Radiation sensitive. 
All decreased in 

resistance due to 
Radiation hut no 
permanent damage 

2h p 296-298 

Gulton Industries 

^5 T G-2 Therm- 
istor (1+ ea.) 

7.3(9) Decrease in R-» 
(30^) 

10 p 17, 91, 
1A5 

1+5 T G-2 Therm- 
istor {h  ea.) 

7.5(9) «Kl5) 
(E>0.1 
Mev) 

Decrease in R» 
(5054) 

10 p 17, 91, 

Micro-Sensors Corp. 

T 101-1000, IK 
Temp. Sensor (1+ ea) 

7.8(8) U.M15) 
(E>0.1 
Mev) 

Failed @ l(l3)nf 10 p 21, 11*5 

Texas Instruments 
Inc. 

TC-l/8-6038 0.22K 
Terap. Sensing Resis- 
tor (2 ea.) 

1.5(9) 1(16) 
(E>0.1 
Mev) 

Failed Q  5(13)nf, 
Not Recocmended 
for use in Nuclear 
Environment 

10 p 12, U6, 
115 
11 p 25 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOS-.'ABLEE 

MATERIAL OR 
COMPONENT 

Semiconductor Devices 
Temp. Sensors 

Miscellaneous 

Glarminl Controls 
Corp. 

Model 861+3, Photo- 
Pots 

(a) Stintered and 
Powdered 

(b) Single crystal 

DESIGN ALLOWABLES 

rgt 
egB-(C) 

8.5(8) ^.5(15) 
(E> IMev) 

cm 

BASIS FOR 
DESIGN 
ALLOWABLES 

vout i*6**} 
V011; (+67^ 

out 

RAMATIOa 
EFFECTS 

REFERENCE No. 

10 p 20, 96 
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2.2U SOLDEB 

NUCLEAR RADIATIOT EFFECTS DESIGN ALLO'.'ABLES 

MATERIAL OR 
COMPONENT 

Solder 

MIL Ag l.b 
(97.5? Pb,  1. 

1'% Sn) 
yp 

DESIGN ALLOV.'ABLES 

ergs 

0M-(C) cm' 

BASIS FOR 
DESIGN 
ALLO'^ABLES 

Higher tensile 
strength than 
available electronic 
hardware.  High and 
increasing Impact 
strength at low 
temperatures; N.B. 
This appears to be 
the optimum solder 
for nuclear environ- 
ments. 

RAriATIO?^ 
EFFECTS 

REFERENCE No. 

6? P.89 
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2.25 SWITCHES 

NUCLEAR RADIATION EFFECTS DEniCN AIJia'ABLE 

MATERIAL OH DESIGN ALLOWABLES BASIS FOR RATIATIOM 

COKPOmUT 

Switches 

1 DESIGN 
ALLOWABLES 

EFFECTS 
erps 

On-(C) 

n 
REFERENCE No. 

an* 

Autronics Corp. 

1(9) 1(16) Unit failed at 10 p 23 kOO cps Transfer 
Switch E^.lMev) 4(12)nf and 5(5) 
Type III,   1360     (lea) ergs/gm-(C) 

(lea) 1(8) 6.8(lU) 
;E>0.1Mev) 

Drop-out V  (/75£) 
Pick-up V(/ h7%) 
Unit Failed 

10 p 159, 23 

Giannini Controls 

2(10) 1.5(16) 1 Failed at 37 P 8 

Corp. 

Acceleration inte- 
grating    switch. ;E>1 Mev) 1.8(11+)nf 
Type 23b8              (2 ea) No effect on other 

switch 

Kinetics Corp. 

1(9) 5-8 (15) Satisfactory 10 p 23,   158 Main Fower Transfer) 
Motor Driven,   SPDT ;E>0.1 Mev Operation throughout 
M362-1,   Ser.   OOk1? test 

(1  ea) 

: 

1 
i 
1 
G 

Q 

n 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
CCMPÜNENT 
Switches 

[ DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 
n 
3 cm 

Leach Corp 

400 cps Transfer, 
Type 9410, Serial 123 

(1 ea) 

1(9) 1(16) 
(EXMMev) 

Satisfactory 
Operation up to 
8 (I3)nf and 
l(7)ergs/gm-(C) 

10 p 23 

Micro Switch Div. 
MiruirHoneywell 

1.5(10) Satisfactory 
Performance 
Teflon Seal-rings 
deteriorate 

33 P 2, k 

Regulator Co. 

Type 1EN1-6 

Type 1HS1 1.3(10) No Effects 
Noted 

33 P 2,4 

Model 1HT1, Hi Temp 1.1(11) No effects 
Noted 

71 P 8 

Type 1LS1 1.2(10) No effect on Switch 
but rubber seals 
hardened 

3 P 2, 3 

Type 1SE1-3 1.5(9) Increase in Operating 
and release force 
and pretravel 

33 P 2,5 

Tyve  ISNU 1.3(10) Case material 
became 
Brittle-GF Black 
Phenolic #7345 
Ftesinox 

33 P 2,8 
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NUCLEAR RADIATION EFFECTS DESIOH AI.LO'./ABLES 

MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION 
COMPONENT DESIGN 

ALLOWABLES 
EFFECTS 

REFERENCE No. 
ergs n 

Switches em-(c) cm^ 

Micro Switch Con't 

Type 2SPZ-E 1.2(10) Seal Becomes 
Brittle and Breaks 

33 P 2 

Type BA-2R 1.3(10) Black Phenolic 
(ES02403) case 
became Brittle 

33 P 2, 7 

Type BZ-2R 1.3(10) Black Phenolic 
case becomes 
Brittle 

33 P 2, 7 

Type V3-1 1.3(10) GP Had Malamine 
IO77-RV22 Melma 
cover became Brittle 

33 P 2, 8 

Type V3-1301 1.2(10) Supramica 555 
case became Brittle 

33 P 2, 8 

Transco Products, 
Inc. 

SPOT RF Switch 1.5(9) 0(15) Negligible 10 p 2k 
28VDC (EX).lMev) Changes Occurred 
Type 13730-30 (1 ea 

B 
I 
D 
B 
B 

0 
i 

ij 
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2.26       TERMTNALS. EUCTRICAL 

NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

Terminals, Klec-crlcal 

Alac, Inc. 

Type 530, Small size 
composition" 
Glass-fiber-filled 
diallyl insulation 
(6 ea) 

Type 533, Medium 
Size, Same compo- 
sition as 530 (6 ea) 

Type 535 Large Size 
Same composition as 
530 (6 ea) 

3.8(10) 

DESIGN ALLOV.'ABLES 

ergs 

B»-{C) 

3.1(16) 
(E>0.5Mev 

9-8(10) 

9-8(10) 

3.1 (16) 
(E>0.5Mev) 

3.1 (16) 
(E^>0.5Kev 

BASIS FOR 
DESIGN 
ALLOWABLES 

All Failed 

3 Failed, Leakage 
Resistance decreased 
by factor of 1 (U) 

3 Failed, Leakage 
Resistance decreased 
by factor of 1 (k) 

RADIATION 
EFFECTS 

REFERENCE No. 

35 P 10.81 

35 P 10.81 

35 P 10.81 
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2.27 THERMOCOUPLES 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Thermocouple 

Platinum temperature 
probe, lOO/vat CPC 

DESIGN ALLOWABLES 

ergs 

gm-(C) cm 

BASIS FOR 
DESIGN 
ALLOWABLES 

Used to measure air 
tempe rature. Induced 
activity precludes 
damage error analysis 
In previous gamma 
test, error at 3'96 
(8) ergs/g-{c) ^ 
0.26Oc at OOC. 

RADIATION 
EFFECTS 

REFERENCE No. 

11 p 21 
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2.28       TRANSDUCERS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION 

COMPONENT 
Transducers 

i 
DESIGN 
ALLOWABLES 

EFFECTS 
ergs n 
gm-(C) 

5 Kja'tKhuUi no. 
cm^ 

Atlantic Research CorJ. 

l(lö)nvt 90^ loss 58 p 20, h6 Model No. LD-77 
LeadZirconate, of output-not 
piezoelectric,, type- suited for high 
Pressure     (l ea) Radiation Fields 

Model ;>LD-80 l(17)nvt Failed, 20-25,i 11 

Lead Zirconate, Loss of output at 
Piezoelectric l(l6)nt, not suited 
pressure type  (lea) for high radiation 

fields 

Baldwin-Lima- 
Hamilton Corp. 

rype A3-7 1.9(9) 2.9(13) Strain level M P ^9-55 
Resistance-Wire (E>0.3Mev) (-1.8;) at kil2)nr 
Strain Ga^e   (3 ea) 

Type EBDF-7D 5.8(9) 6.1(13) Strain Level- II 

Resistance-wire (E>0.3Mev) Slight drop through 
Strain gage  (i ea) out test,one failure 

. 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 1 

1 
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MATERIAL OR 
COMPONENT 

Transducers 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 
n 

cn^ 

Bourns,  Inc. 

Model    21*21 
0-UOOO PSID 
Pressure type    (lea) 

2.1(10) 5.M15) 
(E>lMev) 

Output error 
Max. of 25/6,   No 
Permanent damage 

9P 78 B 
f] 

fl 
n 

Century Electronics 
and Instruments,   Inc. 

6.1(10) 2.7(16) 
(E>-lMev) 

Gradual shift 
in calibration 

30 p 202-217 Model 750X 
0-75 psig,   Si. strip 
Element,   Pressure 

(lea! 

Consolidated Electro- 

^.7(9) ^•9(13) 
(E>.3Mev) 

Sensitivity (/l7%) 
at 2.5(13)nf 

Damping factor 
(-20;) 

lap 14-24 

1 
D 
f] 

[ 

dynamics Corp. 

Model  U-102A 
vibration pickup 
fluid-damaged     (6 ea) 

Model  U-lia 
Magnetic    damping, 
Vibration Pic)cup(3ea) 

Response curve 
(/5.85J) 

It 

Model  4-312 
Ell emen t - unbonded 
Strain gage  (O-T^psia 
Pressure Pickup(3ea) 

2.1(10) 

) 

7.7(15) 
(E>0.3Mev) 

Output (/40005t J 
at 5.2(l5)nf 

1*1 p 36 G 
D 
W 
D 
0 
11 

XT* 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 
Transducers 

CEC      con't 

Type k-llGA 
Unbonded strain- 
gauge •windings 
Pressure pickup(lea) 

Dynamic Instrument Co. 

Model P3A1M 
unbonded strain 
wire (l ea) 

Endevco Corp. 

Model #2501-1000 
Ceramic element 
piezoelectric type 

(lea) 

Erich Brosa 

Model 60lU 
quartz 
Piezoelectric  (lea) 

DESIGN  ALLOWABLES 

gm -(C) 
n 

cm' 

1(11) 

l(l8)nvt 

l(l8)nvt 

l(17)nvt 

BASIS FOR 
DESIGN 
ALLOWABLES 

Unaffected by 

gamma radiation 

No effects 
noted 

93^ loss of 
output 

10,0 lOSS Of 
first Peak at 
l(l6)nvt 

175 

RADIATION 
EFFECTS 

REFERENCE No. 

71 P l6 

58 p 20 

58 p 20 

58 p 20 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOVABLES 1 

MATERIAL OR 
UJMPONENT 

Transducers 

| DESIO» ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
1 
1 

erps 

em-(c) 
i   n 

i   cm^ 

Fairchild Controls 
Corp, 

B 
0 

Model ikJE 
Double Angular 
position, potentio- 
meter type     (lea) 

3.1(10) 7.6(15) 
(E>lMev) 

Failed in-pile 
due to electrical 
wire degradation 

9 P 78, 82 

Giannini Controls Cor] 

3.2(10)" 4.5(15) 
(E>2.9Mev) 

Response curve 
slope at 10 psig 
(-6vi), Internal 
wiring was brittle 

41 p 37-W 

D 
0 
0 

Model 45154 
0-20 psia, 
Pressure pickup 
Potentiometer 
Actuated      (3ea) 

Model 46119Y 
0-1500 psia, 
Potentiometer type. 
Pressure 

2.3(10) 6.7(15) 
(E>lMev) 

-i.a;, Max 
deviation 

9 P 73, 102 0 
IJ 
D 
Ü 

Model 46155-H-D 
0-4000 Psid 
Pressure Responsive 
Bourdon tube and 
Potentiometer   (lea) 

2.4(10) 5-1(15) 
(E>lMev) 

Response Degraded 
8;» at 1.8(15)nf 
and 8.5(9)ergs/gm-(C) 
DC 510 silicone 
fluid Failure 

9 P 73 

0 
0 
11 
I] 

1        1! 
* 
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MATERIAL OR 1 DESIGN ALLOWABLES BASIS FOR RADIATION 

COMPONENT 

Transducers 

1 DESIGN 
ALLOWABLES 

EFFECTS 

REFERENCE No. 
1 ergs 

8B-(C) 

1    n 

cm^ 

Jiannini   Con't 

2.9(10) 7.2(15) Output (< / l';o) 9 P 69, 101 Model U51218 
0-30 Psig ;E>lMev) up to 3.3(l5)nf, 
III- Span C Element Failure due to 
Potentiometer, unknown origin 
Pressure type (lea) 

Model U61265J 6.U(10) 2.7(16) Satisfactory 30 p 202-217 
1000 psla (E>lMev) Performance, No 
Potentiometer output Malfunctions 

Kistler Instrument 

l(l8)nvt No effects 58 p 20 

Corp. (SLM) 

Model //PZ-lU, 
Quartz Element rioted 
Piezoelectric type 

(lea) 

Model 701 1(11) Very sensitive to 71 P 16 
Quartz Element Radiation, Not 
Pressure pickup (lea) Rec. for use in 

Radiation Field 
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NUCLEAR RADIATION EFFECTS DESIOM AI,rX)'..'ABLES 

MATERIAL OR 
COMPONENT 

Transducers 

j DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

em-(c) 
n 

"  3 
cm 

Markite Corp. 

Model 3108 
Double angular 
Position, pot. 
type       (lea) 

3.1(10) 7.6(15) 
;E>1 Mev) 

Failure due to 
degradation of 
Electrical wire 
Insulation 

9P 78 

Norwood Controls 

Div. Of Detroit 
Controls 

Model ;,EPK-lüOÜ 
Strain Wire Type 
bonded - 2-arms of 
bridge element (lea) 

l(l7)nvt 10,i Loss of Out- 
put at l(l6)nvt 

58 p 20 

Omega Instrument Co. 

Model „21-10 l(l7)nvt 50^5 loss of 58 p 20 

Variable Capacitance 
Type         (l ea) 

output 

Statham Instruments 
Inc. 

Model PA-217a-lM-35ü 
unbonded U-armbridge 
Element, strain wire 
Type         (1 ea^ 

l(l8)nvt Failed Electrically 58 p 20 

Model PA-217ca-lM-3iK 
unbonded U-armbridge 
element, strain wire 
Type (1 ea) 

l(l7)nv-t No effects 
noted 

58 p 20 

] 
I 
I 
1 
:. 

n 
D 
1 
1: 
1 
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NUCLEAR RADIATION EFFECTS DESIGN AUO'-.'ABLES 

MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADI/.TION 

COMPONENT 

Transducers 

1 DESIGN 
ALLOWABLES 

EFFECTS 

REFERENCE No. 
er^s 

Em-(C) 

n 

cm^ 
Trans-Sonics, Inc. 

1(11) 3.2(13) Response (-22^) 41 p 25 - 30 Model 1301D 
Bulb Resistance (E>0.3Mev at 4(12)nf 
Thermometer, 
Platinum winding 
pickup      (2ea) 

Model 2115 2.3(10) 6.7(15) Max. of 6.5^ 9 P 78, 81 
0-1bO psia (E>lMev) Output Error, 
Pressure Type  (lea) Operated 

Satisfactorily 

Ultradyne Engineer- 
ing Lab, Inc. 

Model S-3 2.1(10) 7-8(15) Output at 50 Psia kl p 36, 38, 
Ü-50 psia, inductive (E>0.3Mev; (-Ö7.7'^), permament 43-46 
sensing element, radiation damage 
pressure pickup(3ea) incurred 

V/iancko Engineering 
Co. 

Model PX9U 6.3(10) 2.6(16) (0.5^) zero shift & 30 p 201-217 
0-lUOOpsig (E>lMev) (-2.&}b) slope shift 
Variable-reluctance, at 1.6(l6)nf 
pressure type  (lea i 
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2.29       TRAlBSFORIgRS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION 

COMPONENT 

Transformers 

DESIGN 
ALLOWABLES 

EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 

n 

cmy 

Aladdin Electronics 

*.5(l6) Wave-forms showed 35 P 10.35 Type 02-164 
1:10 step-up (EX).5Mev) slight degradation. 
Bpoxy encapsulated Output V (decrease) 
Al cased, pulse RBC. for use in 
type        (4ea) Nuc.  Environment 

Arnold Magnetics Con 

3-2(16) (0 Riyslcal Damage 35 P 10.130 Part #533-769 
Btvoapsulated,6.3 V (E>0.5Mev) Resistance & second- 
hOO  cycle,filament ary V-No degradation 
XPnr. at 3.5A, 
115V single phase 
Primary Pwr. XFmr. 

Part#77-Y7Y 3.2(16) It H 

hermetically sealed, (EX).5Mev) 
500v, kOO  cycle 
Secondary at lOOma, 
115V, single phase 
secondary, Pwr. XFmr. 

1 
I 
I 
I 
I 
I 
e 
B 
[ 
I 
i: 
i 
i; 
;: 

D 
: 

L 
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NUCLEAR RADIATION EFFECTS DESIGN AI.LOV.'ABLES 

1   MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION 

COMPONENT 

Transformers 

DESIGN 
ALLOWABLES 

EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 
1   n 

cm^ 

Electron Mfg. Co. 

Encapsulated Type 9.5(9) 3.2(16)ne No Hiysical or 3 P 12-25 
(various elements Electrical damage. 

used in construction 
make-up) 

Hermetically 1.1(10) 3.2(l6)ne Some samples 3 P 12-25 
sealed type ruptured (wax potted 
(Various elements and some asphalt 
used in construction potted is cause of 
make-up) rupture and failure), 

All electrical 
parameters remained 
unchanged. 

Engineered Magnetics 
Div. of Gulton 

| Industries, Inc. 

Type ^1^902 1(9) 6.3(15) Magnetizing l(tl^) 10 p 23, 161 
(2 ea) (E>0.1Mev ) 

Type #11*890  (2 ea) 1(9) 6.3(15) 
(E>0.1Mev) 

Magnetizing 1(^37-7^ 
at 150V for #1, 
#2 (/I500$) at 
2(14)nf 

10 p 23, 160 
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NUCLEAR RADIATION EFFECTS DESIGN ALLWABLES 

MATERIAL OR 
COMPONENT 

Transformers 

[ DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

ergs 

gm-(C) 

n 
REFERENCE No. 

cm^ 

Microtran Co., Inc. 

Type VM5-H(Transisto« U.6(9) 1.M16) Primary R(/5.3*) 4 p 81-97 
Hermetically Sid. (E>0.5Mev Self Inductance(-18$ 
Interstage, 5«^, (3ea IR-Pri. To sec. 

decreased factor-dOO 

Type VM 8-H, 
Hermetically sealed 
Audio output, 15nw 
(Transistor)(3ea) 

6.1(9) 2.2(16) 
(EX).5Mev) 

Primary R(-l6^) 
Self Inductance 
(/25££R-Prl. to Sec. 
decreased factor-lOO 

U p 81-97 

Raytheon Mfg. Co. 

HTL-T-434-A -5(9) -1(16) IR-Pri.to sec. at if p 60-80 
Power Xfmr, silicone (EXi.5Mev) 600v-dec reased 
rubber encapsulate factor -100, 

(U ea) silicone cracked 
and flaked off. 

Schaevitz Engineering . 
Co. 

Model 200SS-L 5.1(16) Insulation on wire Ul p 29-22 
Linear variable diff. (EX).3Mev) disintegrated. 
Transformer,(9with Inconclusive due 
cores cycled, 3 to leads shorting 
with cores locked in 
null position) (l2ea 
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I 
I NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

i 
1 
I 
I 

(   MATERIAL OR 
CCMPONENT 

Transformers 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION  | 
EFFECTS 

REFERENCE No. 1 
ergs 

em-(c) 
1   n 

cmy 

1 Stancor(Chicago 
1 Standard Transformer 
1 Corp.) 

S-161U7 
Met»! case, potted 

1 with silicasand 
Power Xftor.    {k  ea 

-5(9) -1(16) 
(E>0.5Mev) 

IR-Prl. to sec. at 
60Ov-decreased factoi 
"100,one drew exces- 
sive primary I in- 
pile 

k  p 6O-8O   I 

S-161UÖ same 
as S-l6l47 without 
metal case (i+ea) 

it It IR-Pri. to sec. at 
6 OOV-decreased 
factor ~100 

II           I 

UM-110,Audio 
Interstage, imw 
Open frame   (3ea) 

2.5(10) 1.3(11+) 
.(E>0.5Mev) 

Primary R(-15^) 
Self induetlon(/36^ 
Primary to core 
short on all units 

4P 81 - 97 

UMrll2, Audio 
Hl-Z Input, imw. 
Open frame    (3ea) 

3.9(io) 2.3(11+) 
(E>0.5Mev)! 

Primary R(-3.5#) 
Self Inductance 
(Aso*) 
IR-Prl. to core 
decreased factor ~10C 

"           1 

UM-llU Audio 
Output, Imw, open   1 
Frame      (3 ea) 

Primary R (failed) 
Self Tnduction(-a8^) 
Ir-Primary to core 
decreased factor^10 

11           I 

Sylvanla Electric   1 
Products, Inc. 

■type 23130, Audio   1 
Z  =9K r-  1056 (llea) 

3.9(16) 
(EX).5Mev) 

Pri, and Sec. R(smal^ 
Inductance (/20^) 
constitutes failure 

35 P 10.131- 
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NUCLEAR RADIATION EFFECTS DESIGN AI.LOVABLES 

MATERIAL OR 
CCMPONENT 

Transformers 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALTOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
er?s 

gm-(C) 
n 

cm^ 

Telex,   Inc. 

Telex,   Inc. 

Type 11135,  Audio 
Interstage,   1 mw, 
Open Frame  (3 ea) 

2.5(10) 1.3(14) 
(EX).5Mev) 

Primftry R (Failed) 
Self Tnductance(-15^ 
IR-Prl. to core 
decreased factor-lOO 

4 p 81-97 

Type 11137,  Audio 
Output,  1 mw. 
Open Frame         (3ea) 

4.6(9) 1.4(16) 
(E>0.5Mev) 

Primary R (/5.8^) 
Self Inductance 
(-9.5»), IR-Pri. to 
sec-decreased 
factor~10 

ft 

Type 8929,  Audio 
Output,   3mw,open 
Frame                    (3ea) 

5-1(9) 1.8(16) 
(EX».5Mev) 

Piimary R(/5.9/0 
Self Inductance(-11^) 
IR-Prl. to core de- 
creased factor«'10 

11 

United Transformer 

7.6(12) 3.5(16) 
(E>0.5Mev) 

Cases  ruptured 
due  to outgassing 

35 P 10.133, 
3.27 

Corp. 

AR-378,   Audio 
Hermetically  sealed, 
Epoxy resin fill, 

(Uea) 

Dot-l-Audio 
Interstage,   50 mw. 
Hermetically sealed 

(3 ea) 

6.1(9) 2.2(16) 
(E>0.5Mev) 

Primary R(/32^) 
Self Induetion(/21^) 
IR-Pri. to sea- de- 
creases factor-"100 

4 p 81-97 

(3 ea) 2.6(10) 1.3(14) 
[EiO.SMev) 

Primary R (/13/0 
Self induction 
(/?3',»),   IR-Pri. to 

core decreases 
factor ~  100 

tt 

ii 

I 
I 
I 
:: 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV7ABLES 

MATERIAL OR 
COMPONENT 
Transformers 

PTC con*t 

Dot - 5, audio 
Output, 100 mw. 
Hermetically sealed 

(3 ea) 

Dot-7- Audio 
Input,  25 mw. 
Hermetically Sealed 

(3 ea) 

DESIGN ALLOWABLES 

ergs 

em-(C) 

(3 ea) 

6.1(9) 

4.6(9) 

4.1(10) 

cm 

2.2(16) 
|EX).5Mev) 

1.4(16) 
;E>0.5Mev) 

2.5(14) 
EX>.5Mev) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Primary R(-2^) 
Self Inductance 
(/a*) 
IR-Pri. to Sec. 
decreases factor-lOO 

Primary R (+6.9^) 
Self Inductance (+15^) 
IR-Prl. to Sec 
decreases factor^lO- 

Primary R (+13.5*) 
Self Inäuctlon(-15.6^) 
IR-Pri. to Core 
decreases factor»'IOC 

RADIATION 
EFFECTS 

REFERENCE No. 

4 p 81-97 

185 



2.30 TRANSISTORS 

2.30.1 GERMANIUM 

2.30.1.1 VPS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
CCMPONENT 

rransistore, Gennanlui 
(WTO) 

Texas Instruments. Im 

2B797 Mesa    (l ea) 

2N797, Mesa   (l ea) 

2N79T, Mesa   (3 ea) 

2M79T Epitaxial 

DESIGW ALLOWABLES 
ergs 

Em-(C) 

3.9(8) 

M9) 

9.5(9) 

5.9(9) 

2.7(U) 
(E>2.9Mev) 

^.2(15) 
(E>2.9MBV) 

2.9(15) 
(E>1 Mev) 

cm 

BASIS FOR 
DESIGN 
ALLOWABLES 

/// (dc) (-23.3*) 
@ 7.iri7)ergs/gBi-(c) 

//^o(dc) (+9.1^) 
® 7.6(l3)nf 

^/^o(«ic) (-92%) 

f/ßo(te)  (-82.8*) 
@ 2.8(l5)nf 

RADIATION 
EFFECTS 

REFERENCE No 

12 p73 

12 p79 

21 p99-101 

12 pl02 

I 
] 
I 
: 

ii 

! 
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f 
2.30      TRAHSISTORS 

2.30.1     GERMANIUM 

2.30.1.2   jWP 

NUCLEAR RADIATION EFFECTS DESIGN AI.IXX.'ABLES 

I 
1 
I 
1 

MATERIAL OR 
COMPONENT 

Transistors,  Germani Uli 

Bendix Corporation 

EMTSSST-U, diff. allo;' 
(Graded 2N1653) FT 
600Kc(mln)    (3 ea) 

Motorola Semiconducto ■ Product i.  Inc. 

2NT00 Mesa    (l ea) 

(1 ea) 

(2 ea) 

2N828, Epitaxial Mesa 
(3 ea) 

2N1561 Mesa   (l ea) 

Philco Corporation 

2!"r69        (1 ea) 

(1 ea) 

Jj-^tkS  MADT   (5 ea) 

DESIGN ALLOWABLES 

erg£ 

gm-(C) 

1(9) 

k{6) 

5.9(8) 

1.1(10) 

1.8(10) 

1.8(10) 

k{8) 

1M9) 

1(16) 
EXl.lMev) 

1.5(13) 
(B>2.gMev 

5(15) 
(E>1 Mev) 

7.9(15) 
(E>1 Mev) 

7.9(15) 
(E>1 Mev) 

7.6(13) 
(E>2.9Mev 

l(lU)nvt 

BASIS FOR 
DESIGN 
ALLOWABLES 

Failed @ 3(l3)nf 

0(dc) (+9.^) 

^/o(dc)(+1900^) @ 
l.l(l3)nf 

^//o(dc) (-36.7*) 

o(<ic) (-96*) 
@ 2.6(l5)nf 

9(dc) (-55*) 
1.2(l5)nf 

^/^o(dc)  (+100*) 
6(6) ergs/pa-(C) 

f/foM (+764*) 

No Serious Damage 

187 

RADIATION 
EFFECTS 

REFERENCE No. 

10 p59 

12 P74 

12 P80 

12 P108-109 

12 pllO-112 

12 pio6 

12 p75 

12 pBl 

75 1A7 



NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
^        CCMPONENT, ^ _, rransistors. oennanlus 

(PHP) 

Texas Instruments,  Inc 

aKllM Mesa        (l ea) 

2N1195 Mesa        (2 ea) 

2N1908, Alloy diff. FT 

20 Mc(min) (2 ea) 

f/estem Electric Co.. 

2N599,  Diff.  Low Powei 
il-speed Switching, 
Spitaxial (10 ea) 

2N599E, Epitaxial 
Switching (10 ea) 

DESIGN ALLOWABLES 

ergs 

gm-(C) 

1.8(10) 

1.8(10) 

7.5(9) 

7.9(15) 
(E>1 Mev) 

7.9(15) 
(E>1 Mev) 

1(16) 
(E>0.1Mev) 

Inc, 

cm 

UM15) 
;EX).lMev) 

L.M15) 
;EX).lMev) 

BASIS FOR 
DESIGN 
ALLOWABLES 

f/^oUc) (-97*) • 
4.9(l5)nf 

,   0fdc^ (.^) 
@ 2.9(15)nf 

Failed @ 4.8(l3)nf 

Igaln (-5.15*) 
ßVC80 (-77*) 

Igaln (-14.4*) 
3 Vclo (-58 A*) 

RADIATION 
EFFECTS 

REFERENCE No. 

12 pl03 

12 pl04-105 

10 p65 

19 P5l,53,5^ 

19 P5l,53,5^ 

1 
I 
I 
J 

f] 

n 

D 
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2.30 

2.30.2 

2.30.2.1 

TRANSISTORS 

SILICON 

HPW 

NUCLEAR RADIATION EFFECTS DESIGN ALIXWABLES 

MATERIAL OR 
1   CCMPONENT 
transistors, Silicon 
I^NPN) 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION  [ 
EFFECTS 

REFERENCE No. 
1 ergs 

gm-(C) 
i    n 
i   c^ 

Cyrstalonlcs, Inc. 

6.8(14) 
(EX).48 e\ 

94^ decrease In 
)   Mutual Conduc- 

tion 

62 Fig. 2    1 C652 (HI Resistance) 
Field Effect Device 
(2 ea.) 

C652 (Low Resistance) 
Field Effect Device 
(3 ea.) 
Falrchlld Semiconduc- 

1(9) 

6.8(14) 
(E>0.48 e\ 

1(16) 
(E>0.1 
Mev) 

83^ decrease in 
)   Mutual Conduc- 

tance 

Failed @ 4.8(l3)nf 

62 Fig. 2    ! 

10 p. 66 

tor, Corp. 

2N699, DD Planar. fT 
50 Mc (Mln) (3 ea) 

2NT06, Mesa, (3 ea) 1.8(10) 7.9(15) 
(E=>1 Mev 

?/Mdc) (-100*) 
Failed 

12 p. 86-88  | 

21)708, Planar 
FT 60 Mc(Min) (3 ea) 

-1(8) 8.3(14) 
(E>0.1 M« 

Wo  (-95^) 
v) 

10 p. 5^    1 

2N708, Planar 
FT 60 Mc(Mln) (1 ea) 

2.6(13) 
(E^>0.1 M« 

Ä = 34^ of ^0 36 Pig. 24 

2N708, Planar 
PT 300 Mc (Mln) (2 ea 

7.5(9) 
) 

1(16) 
(E>0.1 M« 

$lfo  (-80*) « 
v) 1.8(14) nf 

10 p. 63 

2NT09, Planar 
FT 600 Mc (Mln) (2 ea 

-1(8) 
) 

1(15) 
(E:>O.I M 

Ä/o (-85*) 
v) 

10 p. 54 

2N709, Planar 
FT 600 Mc(Min) (1 ea) 

5(14) 
(E>0.1 M« 

^ = 20* /o 
v) 

36 Fig. 24 

2N718A, DD Planar, 
FT 300 Mc(Min) (2 ea) 

2N716A, DD Planar, 
FT 60 Mc(Mln) (1 ea) 

7.5(9) 

1(9) 

1(16) 
(Es-0.1 
>tev) 
1(16) 
(Ei>0.1 
Mev) 

Plßo  (-95.7*) @ 
2.2(14) nf 

fl$o  (-34.3*) « 
-'5(7)ergs/gin-(C) 

10 p. 63 

10 p. 60 

2N917, DD Planar, 
PT 500 Mc (Mln)(3 ea) 

1(15) 
(E>0.1 
Mev) 

^0 (-90*) 10 p. 53    | 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOHABLES 

MATERIAL OR 
COMPONENT 

Transistors. Silicon 

[ DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 
n 

on^ 

Fairchlld Semiconductor Corp« Cent.) 

2N917 (Cont.) 

(1 ea) 5(14) 
(EX).lMev 

f *   xyf, ot P0 36 Fig. 2k 

2Nl6l3, DD Planar, BV 
60 Mc(min)          (2 ea) 

-2(6) 2.2(13) 
(B>0.1Mev 

P/f0 (-80.1*) 10 p52 

(2 ea) 5(9) 1(16) 
BXJ.lMev) 

///o    (-92^)« 
2A(l4)nf 

10 p64,65 

ti 
2(13) 
B>0.1MBV) 

p*9t>otp 0 36 Fig. 2U 

General Electric Cani uy 

1(16) 
[BXJ.lMev) 

Failed @ 2(1^)^ 10 p6if,57 2N2193A, Epitaxial 
Plana.r,  FV 50Mc(min) 

(k ea) 

5(9) 

2N2193A,  Sandvlch 
Construction      (2 ea) 

3(12) 
[BXJ.lMev) 

ß = 20* of ft 0 53 P2 

Motorola Semiconductc r Product i. Inc. 

ß/Po (-41*) 10 p52 2H707A,  DD Epitaxial 
Mesa, Pj. 70Mc(ain) 

(2 ea) 

-1(6) 3.5(13) 
[B>0.1Mev) 

2RT07A, Mesa, FT 500 
(1 ea) 

3(13) 
[K>0.1MBV) 

^ = 65* of /0 36 Fig. 24 

: 

D 
D 
D 
n 
n 
r 
I 
1 
I 
I 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Transistors, Silicon 
(NHO 

Motorola Semlconductoi Product! 

DESIGN ALLOWABLES 
ergs 

Sm-(C) 

2N83i+, Epitaxial Mesa 
(2 ea) 

Pacific Semiconductor! 

FT 901,  10 Amp (2 ea) 

PT 955, Triple diff. 
Mesa, (Graded 2N1902) 
Fl  50Mc(min)  (l ea) 

(1 ea) 

EM-13531-A1  (Graded 
2N1259) Fp l60Mc(min) 

(2 ea) 

EM I353I-AI  (Graded 
2Nl6l3)  200MC     (2 ea) 

EMT'+TOÖ-U,  Triple  dif 1' 
Mesa,  (Graded 2N1893) 
50Mc(inln) (2 ea) 

(2 ea) 

1.8(10) 

Inc. 

7.5(9) 

8(9) 

1(9) 

8(9) 

7.5(9) 

Inc. (Cent.) 

7.5(15) 
(E >lMev) 

3.2(12*) 
(E>0.1Mev) 

1(16) 
(EX).lMev) 

1(16) 
(EX».lMev) 

4(12) 
(E>0.1Mev) 

1(16) 
(E>0.1Mev) 

BASIS FOR 
DESIGN 
ALLOWABLES 

f/^o{te) Failed 

Ic (-48^) @ 1.8(13)14   17 p63, 98 

10 p65 fyfo (-68.7%) @ 
3.3(13)nf 

YIPo No change 

///o (-100%), 
Failed @ 3.3(lU)nf 

f =    75* of /0 

^//o (-52.5%) ® 
^-'8(T)ergs/gm-(C) 

flßo (-91.5%) ® 
I.3(l4)nf 

RADIATION 
EFFECTS 

REFERENCE No. 

12 p97,98 

10 p62 

10 p55 

53 p2 

10 p60 

10 p63 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Transistors,  Silicon 
fNRn 

DESICfff ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

em-(c) 
n 

2 cm 

Silicon Transistor Cojrporation 

1(16) 
(EXI.lMev 

Failed @ 9(12)nf 10 p58 2N1722,  diff.  Fm IMc 
(min)                      (2 ea) 

1(9) 

(1 ea) 2(12) 
;EX).lMev) 

/=    20^of/o 53 P 2 

Texas Instruments,   Ir - • 

1(16) 
(K>0.1Mev) 

ß/0o (-93^) ® 
2(l3)nf 

10 p52 
36 Fig. 2k 

Tl605                      (2 ea) 1(9) 

2NT06A,  Mesa      (3 ea) 1.8(10) 7.9(15) 
(S>1 Mev) 

^//o(dc) Failed 12 p89-92 

2N753,  Mesa        (3 ea) 1.8(10) 7.9(15) 
(B>1 Mev) 

ß/ßo(te) Failed 12 P93-96 

2N1717, Triple diff. 
Mesa FT 1^4c(Min)(l+e£ 

1(9) 1(16) 
(E>D.lMev) 

Failed @ 1.2(l4)nf 10 p56, 6k 

(2 ea) 3(12) 
(E>0.1Mev 

ß= 20% ofßo 53 P2 

2N1722,  Triple diff. 
Mesa FT 10Mc(mln)(2ee 

1(9) 1(16) 
[EXI.lMev) 

Failed @ 5.7(l3)nf 10 p58 

(2 ea) 2(12) 
(EX).lMev 

/ = 50^ of/o 53 P2 

2N1936, Triple diff. 
Mesa,FT 7Mc(min)(2ea) 

1(9) 1(16) 
[E>0.1Mev) 

Failed @ 7.7(l3)nf 10 p56 

>• 2(12) 
(BX).lMev) 

ß = SOU of/0 53 pe 

n 

;: 

D 
; 
J. 1 

n 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Transistors, Silicon 

Western Electric Co., 

DESIGN ALLOWABLES 

gm -(C) 

Inc 

2N106o, Epitaxial 
Switching (10 ea) 

2N1060E, Epitaxial 
(10 ea 

2N1675 double Diff. 
50W, 10 Amp   (5 ea) 

2082Cprototype of 2Nl6' 5) 
(15 ea 

cm 

2.2(110 
E>0.1Mev 

2.2(lU) 
(E>0.1Mev; 

2.1(13) 
E>0.1Mev) 

3.2(1U) 
(EX).lMev] 

BASIS FOR 
DESIGN 
ALLOWABLES 

Igain (-28.4^) @ 
6.5(l3)nf 

Igaln (-27.5^) § 
2.l(l4)nf 

Igain (Ic = MX-15* 
@ 2(l3)nf 

Igaln (Ic - 0.1A) 
-20* @ 1.8(l3)nf 

RADIATION 
EFFECTS 

REFERENCE No. 

18 pV7,51 

18 pVr,51 

17 p63,T8 

IT p63,74 
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2.30 TRAWSISTORS 

2.30.2 SILICON 

2.30.2.2        PRP 

NUCLEAR RADIATION EFFECTS DESIGN ALI/y.-.'ABLES 

Falrchlld Semiconduct( r Corp 

2N869, Planar DD, FT 
lOOMc (Min) (2 ea) 

(1 ea) 

2N1132, diff., FT 
60Mc (min)    (2 ea) 

2N1132, Mesa, F^ 
lOOMc 

MATERIAL OR 
COMPONENT 

Transistors, Silicon 
^PNP) 

[1 ea) 

Hughes Aircraft Co. 

EM 11*709, DD Mesa, 
(Graded 2N1259) Fp 
kOHc  (min)    (2 ea) 

(2 ea) 

Philco Corporation 

, 1(9) 2N861, Precision Alloj 
PT T5Mc (min) (2 ea) 

(1 ea) 

2N2187, Precision Allc^y, 1(9) 
P>r 22Mc(min)  (2 ea) 

DESIGN ALLOWABLES 

ergs 

gm-(C) 

1(9) 

1(9) 

5(9) 

1(16) 
(E>0.1Mev) 

^.Ml4) 
(E>0.1Mev) 

1(16) 
(EX).lMev) 

3(13) 
(EXl.lMev) 

1(16) 
(EX).lMev 

1(13) 
(EX».lMev) 

Ml6) 
E>0.1Mev) 

3.M13) 
(EX).lMev) 

1(16) 
(E>0.1Mev) 

191» 

BASIS FOR• 
DESIGN 
ALLO'^ABLES 

Palled @ 2(l3)nf 

/= hi of  /0 

o (-93*) @ 
13)nf 

P= 121, of ßQ 

4.8(13)nf 

^ = 60% of   ^0 

t/fo (-88*) @ 
2.3(13)nf 

f= Ik* ofßQ 

,     ,  o (-91*) 
1.8(l3)nf 

RAUIATION 
EFFECTS 

REFERENCE No. 

10 pU3 

36 Fig. 2U 

10 p5^ 

36 Fig. 2U 

10 p66 

53 p2 

10 p53 

36 Pig. 2k 

10 p52 

n 
1 
1 
1 
D 
[1 

II 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Transistors, Silicon 

DESIGN ALLOWABLES 

Philco Corporation (Cjnt.) 

2N218T (Cont.) 

(1 ea) 

Texas Instruments,  Inp 

2N1385 Mesa (1 ea) 

Experimental,  Field 
Effect Device 

sm-(C) 

1.8(10) 

5-9(9) 

M13) 
(E->0.1Me^ 

7.9(15) 
[EXJ.lMev) 

2.9(15) 
;E>1 Mev) 

BASIS FOR 
DESIGN 
ALLOWABLES 

/?=6^of^c 

0(dc)(- 92*) 

Gm(umhos)(-98.2^) 
Gm./Gao (-98*) 

195 

RATI/.TIOM 
EFFECTS 

REFERENCE No. 

36 Fig. 24 

12 pl07 

12 p85 



2.31 TUBES,  ELECTROW 

NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

Tubes, Electron 

[ DESIGN ALLOV.'ABLEE, BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION  j 
EFFECTS 

REFERENCE No. 
ergs 

8ni-(C) 
i       n 

f  ^ 

0A2WA 

Gaseous, Voltage 
Rectifier 

CBS (Hytron) (3 ea) 3.5(10) 1.2(15)ne 
1.2(l8)nt 

Plate V ® 30 ma dc 
(+1.6^) @ 2.5(l^)ne 

1 p435 

RCA        (3 ea) it tl Plate V @ 30 ma dc 
(+5.5*) @ 2.4(14) ne 

1 p435 

0B2WA 
; 

1 

| 

Miniature Voltage 
Regulator 

Raytheon     (3 ea) | 3.5(10) 1.2(15) ne 
1.2(18) nt 

Plate V @ 30 ma dc 
(-2*) d 2.5(14) ne 

l iM4    j 

Sylvania     (3 ea) 1 >■     1 It Plate V @ 30 ma dc 
( <ii) 

1 p444 

D 
.1 
I 
: 

D 
n 
'F 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Tubes, Electron 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

Em-(C) 

n 

cm^ 

02^ 

Full-wave Gas, Cathod 
Rectifier 

t 

Raytheon    (6 ea) 1.6(10) 5.k  l4)ne 
5.Ml7)nt 

Plate I (+17.2^1) 
® l.l(l3)ne 

1 pMf9 

lAD^t 

• 

RF Sharp Cut-off 
Pentode 

Raytheon     (3 ea) 3.M10) 1.9(l5)ne 
1(18) nt 

Plate I (+50^) 
©6.5(1^) ne 

i p^sa-wi 

Tung-Sol     (3 ea) 
It II Plate I (-50^) 

@ 5.8(lU) ne 

II 

1B35A 

Gas Switching Tube 
(ATR) 

Bonac 8c Sylvania 
(Static) 

3.8(10) *.5(l3)nf 
l.Ml8)nt 

Cracks in RF window 2 P390 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

IB63A 

Gets Switching Tube 
TR (Band Pass) 

Bomac 

Bomac 

MATERIAL OR 
CCMPONENT 

Tubes, Electron 

Sylvanla 

(1 ea) 

(1 ea) 

(2 ea) 

Sylvanla     (2 ea) 

1Z2 

Half-wave Hi-vacuum 
Rectifier 

Chatham (6 ea) 

DESIGN ALLOWABLES 

ergs 

gm-(C) 

3-1(9) 

6.5(9) 

6.5(9) 

3.1(9) 

l.l(l5)ne 
7.3(l7)nt 

2.Ml5)ne 
1.5(l8)nt 

2.Wl5)ne 
1.5(l8)nt 

l.l(l5)ne 
7.3(17)nt 

3(10) l(l5)ne 
l(l8)nt 

BASIS FOR 
DESIGN 
ALLOWABLES 

Insertion Loss (-73$ 
@ 2.3(13) ne 

Keep-Alive I 
Intemitten, RF 
window cracked 

Keep-Alive I - Falle« 
© 5(l3)ne, HP window 
cracked 

Insertion LObs (^ 
@ l^l^^e 

Rectifier Operation ^n 1 pU89 
ma de (+7.35t) ® 
7.3(l3)ne 

RADIATION 
EFFECTS 

REFERENCE No. 

2 P391» 

2 P395 

2 p395 

^ p39^ 
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[ NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

I 

I 
I 
I 
I 

MATERIAL OR 
COMPONENT 

Tubesy Electron 

VG 1 A lonizatlon 
Gauge with Pyrex 
Glass       (l ea) 

with Type 008 
lime glass  (l ea) 

with type 7720 
Nonex Glass  (lea) 

with type 1723 
alumino silicate 
glass     (l ea) 

DESIGN ALLOWABLES 

ergs 

gm-(C) cm 

BASIS FOR 
DESIGN 
ALLOWABLES 

6.6(16) 
NVT 

3.7(15) 
NVT 

3-7(15) 
NVT 

3-7(15) 
NVT 

Completely 
Shattered 

Discolored 
Prepressure reading 
10- mm but weld 
opened on collector 
in-pile 

Pressure reading 
changes from 
10-°tm  to 5x10-3inm 

Pressure reading 
changes from 
10"°inm tc 3.7xl0-3mm 

RADIATION 
EFFECTS 

REFERENCE No. 

^9 P 11, 7 

^9 P 7, 12 

^9 P 7, 12 

k9 P 7, 12 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Tubes, Electron 

DESIGN ALLOWABLES BASIS FOR 
DESIGN     \ 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 
n 

cmy 

LC-2 

Ceramic Power Tetrode 

Eitel-McCullough(U ea 3.5(9) 1.3(l5)ne 
8.2(l7)nt 

Excessive Screen I, 
2 failed In Grid V 

2 p555 

203? 

UHF Triode (hi-mu) 

Eitel-McCullough(2ea) 7.2(9) 6.7(l4)ne 
3.7(17)nt 

Failed @ 1.7(l3)ne 
due to glass 
fracture 

2 &jk 

O.E. (Ceramic) (2 ea) II II Plate I (-6.8^) @ 
5.3(l^)ne, no fallui 

it 

es 

Machlett      (2 ea) It II Failed @ 1.7(13) ne 
due to glass 
fracture 

ii 

2040 

UHF Triode 

O.E.        (6 ea) 4.7(10) 1.7(l5)ne 
1.6(l8)nt 

Plate I (-0.118*) 
Transconductance 
(-0.7*) 6 h.9{lk)ne 
1 failed in-pile 

1 1*9^-501 

i 
i 
: 

n 
n 

[i 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

i        MATERIAL OR 
COMPONENT 

Tubes, Electron 

| DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 
n 

c^ 

>D21w/5727 

[toyratron-Xenon gas 

;. E.                   (3 ea) 4.1(10) >.6(l5)ne 
1.3(l8)nt 

Output V (-13*)® 
7.U(lU)ne,  delonizinj 
time {'koD® 9(14)06 
1 failed in pile 

2 p4l4-421 

RCA                      (3 ea) 
II tt Output V (-3.5*) and 

delonizlng Time 
(+25*) ® 2(14) ne 
1 failed in pile 

» 

Tung-Sol             (6 ea) 
(3 ea) with Cadmium 
Shields 

1.2(11) 2.M16) 
(E>0.5 Me-^ 

Delonizlng Time 
(+14*), 1 failed 
Plate V (-9*) ® 
3.2(l5)nf 

6 p27, 35, 5; 

2K50 

Reflex Klystron,  K- 
Band 23.5-* 2U.5KMC 

Bendlx                (3 ea) 2.5(8) 5.2(l3)ne 
3.5(l6)nt 

Failed ln-plle 
Immediately due to 
glass fracture 

2 p400-l»05 

201 



NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

Tubes, Electron 

Half-Wave Xenon gas 
Rectifier 

DESIGN ALLOWABLES 

ergs 

gm-(C) 

Chatham 

Chatham 

(1 ea) 2.8(10) 

(1 ea) 

Electronic 
Enterprises  (l ea) 

RCA 

RCA 

(1 ea) 

(2 ea) 

United 
Electronics  (2 ea) 

3CX100A5 

Ceramic Hi-Mu (UHF) 
Triode 

Eltel-McCullough(3ea 

3.2(9) 

2.8(10) 

3.2(9) 

2.8(10) 

1.5(10) 

l.l(l5)ne 
6.3(lT)nt 

1.1(15)ne 
6,3(l7)nt 

l.l(l5)ne 
6.3(lT)nt 

3.8(16) 
(E>0.5Mev] 

202 

BASIS FOR 
DESIGN 
ALLOWABLES 

Load I - (+5.3*) @ 
3.8(l4)ne 

Output I (+6.2*) ® 
6.7(8)ergs/gm-(C) 

Load I - failed @ 
5.^(l4) ne due to 
glass fracture 

Output I (+11*) @ 
2.l(9)ergs/gm-(C) 

Both failed ln-plle 
due to glass fractun 

One failed ln-plle 
due to glass fractur« 

Cathode V (+800*) © 
3.1(15)nf. Control 
Grid I (+133*) ® 
2.9(l6)nf, Survived 
Irradiation 

RADIATION 
EFFECTS 

REFERENCE No. 

2 p^50 

2 p6l0 

2 p^50 

2 p6l0 

2 pU50 

2 pif50 

6 p27,50,53 

I 
I 
I 
I 
: 

A 

;! 

1 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
CCMFONENT 

Tubes, Electron 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

ßm-(C) 

n 

^ 

3D21B 

Pulsed Modulator 
Pentode 

CBS-Hytron    (3 ea) l.3(ll) 3.8(16) 
(E>0.5Mev) 

Transconductance 
(-14.5^), Plate V 
(+?'#), Test Leads 
shorted in-pile on 
all samples 

6 p27,46,53 

3B29 

Dual Tetrode 

RCA         (6 ea) 
(3 ea cadmium 
Shielded) 

1.2(11) 2.M16) 
(E>0.5Mev) 

Transconductance 
(+11^) @ 2.2(l5)ne, 
Glass fracture cause« 
failure on 3 tubes 
in-pile 

6 p27,31,53 

4T1P1 

Transmitting Type Te rode 

Lewis & 
Kaufman     (2 ea) 1.M9) 3.1(1^^6 

1.2(l7)nt 
Grid V 6 75 ma dc 
(-250^) © 1.7(l3)ne 

1 pju-sa't 

Penta Labs   (l ea) 
n tt Grid V @ 65 ma dc 

(failed « 1..9(1%>M) 

H 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOVJABLES 

MATERIAL OR 
CCMPONENT 

Tubes, Electron 

[ DESICTI ALLOV.TABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

ßm-(C) 

n 

^ 

hJ52k 

Pulsed Magnetron 
Frequency - 9375 Mc 

Litton Industries(2ea ) M7) l.l(l3)ne 
l(l6)nt 

Both failed due to 
glass fractures 

2 pU06 

5C22/HT-415 

Hydrogen Thyratron 

Kuthe Labs    (3 ea! 1.8(9) k.9(lk)ne 
3.5(17)nt 

Plate I (-10^) @ 
1.9(l2)ne, All faile< 
@ 3.8(l4)ne due to 
glass fracture 

2 plf27-430 

5RUWGA 

Duodlode 

Tung-Sol     (U ea) 7.8(16) 
NVT 

All cracked lf9pll 

I 
I 
I 
I 
I 
Ö 

Ö 

[! 

II 

i: 

0 

i 

204 
II 
u 



I 
I 
I 
i 

j 

I 

I 
I 

I 
I 
I 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

j    MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION  j 
COMPONENT 

I 
DESIGN 
ALLOWABLES 

EFFECTS 

REFERENCE No. 1 
ergs 
m-lc) 

1   n 

1     3 
Tubes, Electron on 

5Y3WGTA —» 

Pull-Wave Rectifier 

CBS-Hytron    (3 ea I 3(10) 1.2(l5)n< 
l(l8)nt 

Output I (-l.3)t) @ 
3.8(lU)ne 

2 i*6l 

j Sylvania     (3 ea) 3.8(10) 2.5(l5)n€ 
1.2(l8)nt 

Output I (-2.2^) 2 pWO 
® 1.2(l3)ne 

6AGTY ; 

Power Amplifier, 
Pentode 

O.K.        (3 ea) 2.8(9) 2.lfl5)nJ 
9.M17H 

Plate I (+7.1^) and 1 P525-536 
Transconductance   1 
(+8.5*) ® 7.6(l4)ne 

RCA        (3 ea) tt II Plate I {+lh,h%); 
Transconductance 
(+10.5*) ® 7.6(lU)ne 

"           f 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Tubes, Electron 

6AK?/^V6096 

Sharp Cutoff, Mlnlattpe 
Pentode 

G»E • (1 ea) 

Raytheon    (2 ea) 

DESIGN ALLOWABLES 

gm-(C) 

3(10) l.Ml5)ne 
l(l8)nt 

3(10) 

RCA (2 ea) 

Sylvanla     (l ea) 

BASIS FOR 
DESIGN 
ALLOWABLES 

|  RADIATION 
EFFECTS 

REFERENCE No. 

Plate I (+13^) ® 
7(1^)ne, 
Transconductance 
(-7^) ® 1.7(l3)ne 

Plate I (+36^) ® 
1.4(l4)ne 
Transconductance 
(-10^) @ l.l(l4)ne 

Plate I (+19^) ® 
1.4(lU)ne 
Transconductance 
(-12%) @ 9.2(lU)ne 

Plate I (+14%) @ 
2.9(l3)ne, 
Transconductance 
(-12%) « 2.9(l3)ne 

1 p537-5Vr 

I 
I 
I 
I 
: 

n 

n 
i: 
II 
! 

I 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

Tubes, Electron 

[ DESICW ALLOV.'ABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gtn-(C) 

n 
^,2 
cm 

6AL5WA 

Receiving Twin Diode 
Type 

CBSCHytron) (lea) 2.2(10) 1.7(l5)ne 
1.2(l8)nt 

Output V(O.O^), 
Emission l(+19^) 
@l(lk)ne 

lp 5^8-557 

GE (lea) 2.2(10) 1.7(l5)ne 
1.2(l8)nt 

Output V(O.O^) 
Emission I (+20^) 

IP 548-557 

RCA (2ea) 2.2(10) 1.7(l5)ne 
1.2(l8)nt 

Output V(-l^)@ 
2.lllh)ne,  Emission 
l(+2005i) 

lp 548-557 

Sylvanla (lea) 2.2(10) 1.7(l5)ne 
1.2(l8)nt 

Output V(O.O^) 
Emission l(+10^)@ 
l(l^)ne 

lp 548-557 

Tung-Sol (lea) 2.2(10) 1.7(l5>ne 
1.2(l8;nt 

Output V(0.05t) 
Emission l(+20^>S 
1.6(l5)ne 

lp 548-557 

6AU6WA 

Sharp Cutoff Mln- 
ature RF Pentode 

GE (2ea) 3(10) 1.9(l5)ne 
1 (l8)nt 

Plate r(-8£)@ 
U.8(lU)ne 
Transconductance 
(+3.3^)@ 2(lU)ne 

lp 558-568 

Sylvanla (2ea) 3(10) 1.9(l5)ne 
1 (l8)nt 

Plate I(+12^)@ 
l.Ml5)i» 
Transconductance 
(+5^)@ 1.2(l5)ne 

lp 558-568 

Tung-Sol (2ea) 3(10) 1.9(15)ne 
1 (l8)nt 

Plate l{-23i)@ 
1.3(l5)ne 
Transconductance 

lp 558-568 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Tubes, Electron 

j DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

sm-(C) 

n 

cm2 

6BB6/5750 

• Miniature Pentagrid 
Converter 

GE          (6e8) 3.3(10) L.l(l5)ne 

l.l(l8)nt 

Plate l(+5,9)^ @ 
9(l3)ne 
Screen l{-6.1%)@ 
8,l(l'+)ne 
Grid V(-l^)@ 
3.l(l4)ne 

lp 569-579 

6Ck 

Hi Freq. Medium-Mu 
Triode 

GE          (2ea) 3.2(10) l.l(l5)ne 

l.l(l8)nt 

Plate I(-31^)@ 

EmiEslon l(-30^)g 
l.i+(l4)ne 

Ip 580-589 

RCA          (2ea) 3.2(10) l.l(l5)ne 

1-I(l8)nt 

Plate I(-U85S)@ 
5.9(l^)ne 
Rmiscion l(-355i)@ 
5.6(14 )ne 

lp 580-589 

Tung-Sol     (2 ea) 3-2(10) l.l(l5)ne 

l.l(l8)nt 

Plate l(-30^)@ 
7.l(lit)ne 
Emission l(-23^)@ 
2.J+(l4)ne 

lp 580-569 

6L6WGB 

Beam Power Amplifier 

Tung-Sol     (6ea) J*.6(io) 3 (I5)ne 

l.U(l8)nt 

Plate l(+33^)@ 
1.9(l5)ne 
Screen l{-2k.k'f,)© 
8.l(l'»)ne, believed 
gassy 

Sp 602-606 

i 
I 
I 
I 
1 
: 

: 

n 

I! 

(I 
II 

li 
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NUCLEAR RADIATION EFFECTS DEHIOM AIJ/y.-.'ABLES 

MATERIAL OR 
|          COMPONENT 

i    Tubeü,   iilcctron 

DESIGN ALLOV.'ABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION      j 
EFFECTS 

REFERENCE No.  j 
1 ergs 

| m-lc) 
i      n 

•         cm" 

ia\rnw 
Twin Triode  (Mlni- 

1   atvre) 

GE                           (3ea) h.h{io) 2.9(l5)ne 

I.4(l8)nt 

Plate l(+70.8/1)0 
3(1'+)ne 
gasry 

2p 501-504 

1  Sylvania            (3ca) U.U(IO) 2.9(l5)ne 

i.Mie)nt 

Plate  I (+38^)G 
l.l(l5)ne 
garsy 

2p 501-50U 

12ALrr/6l89 

I\:in  Troice   (Mini- 
ature) 

GE                             (3ee) 3.2(10) l.'i(l5)nc 

l.l(l8)nt 

Plate  l(-2lu5,i)ft 
1.5(l'0ne 

2p U98-500       i 

1   Gylvania              (3ea) 3.2(10) l.U(l>)ne 

l.l(lC)nt 

Plate   I(-32.2;)C 
1.3{lh)ne 

2p 498-500 

CD-16 

Ti.'in  Troioo  (Cera- 
mic) 

Eitel-McCullough 
(6ea) 

3-5(10) 2.l(l5)ne 

1.2(l8)nt 1 

Plato l(+26.5/i)e 
1.5(l5)ne 

2p  506                   ( 

CD-18 

Miniature ."l-.arp Cut- 
off  Pentode   (Cera- 
nic) 

Eitel-McCullough 
1                                  (kf) 

3-5(10) 1.5(l5)ne Plate  I(-^6.T"J)e ,2p 569-573          1 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Tubes, Electron 

[ DESICW ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

em-(c) 
n 

cm^ 

SK-221F 

Reflex Klystron 

Sylvania     (2ee) 8.5(10) 6.2(16) 
(E>lMev) 

freq.(-K).l6^) 
power  output 
cr n.i^) 

30p 83-90 

371B 

HiVecuum HaIf-Wave 
Rectifier 

Electronic Enter- 
pri; es;       (3ea) 

1.1(9) 5.l(l1+)ne 
2.T(l7)nt 

Plate l(-88^) 
1 Failed in-pile due 
to glerc frecture 

2p i*53-^58 

Electronic Enter- 
prise;;       (lea) M9) Plate l(-2.3'io)@ 

6.9(8)ergs/gm-(C) 
2p 611 

United Electronics 
(lee) ^(9) Plate l(-2.1$)e 

6.9(8)ergs/gm-(C) 
2p 611 

United Electronics 
(3ee) 

1.1(9) 5.l(li*)ne 

2.7(l7)nt 

Plete l(+72.5/i)@ 
2.9(l3)ne, 2 failed 
in-pile due to glass 
fracture 

2p U53-^58 

U-65A 

Transmitting Tetrode 

Eitel-McCullough 
(6ea) 

-»8.2(9) ''8(l3)ne 
-8(l6)nt 

Grid V - all tubes 
failed i.i pile due 
to glass frecture 

lp 590-595 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

i 

I 

I 

i 

j   MATERIAL OR 
COMPONENT 

1 Tubes, Electron 

| DESICW ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION  1 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C) 

n 
cm^ 

&I 
Hi-Vacuum, Clipper, 
Diode 

I 

United Electronic^ 
j            (6ea) 

2(9) 3.9(l1+)ne 
U.4(l7)nt 

Plate I(+102^)@ 
l.l(lU)ne, all had 
fractured envelopes 

lp 596-605 

1 

1 BLBOOA 

Klystron 

Bomac       (Sea) 
(2ea with cadmium 

j Ehield^) 

6.8(10) 3.5(16) 
(B*).5 
Mev) 

Beam l(-5^) 
freq.(-50*) 
power out (+75/t) 
all sxirvived but sil 
icon rubber anode 
caps deteriorated 

6p 27, 39, 53 

829B 

Pueh-Pull RF Beam 
Power Amplifier 

i RCA         (6ea) 2(10) 2.^(lU)ne 
1.4(lT)nt 

all failed in-plle 
due to glass frac- 
ture 

lp 606-612 

i; SN-2li+6B 

Metal-Ceramic Pen- i 
tode 1 

j Syl.ania     ( 5eB) 6.8(15) 
(EX).5 
Mev) 

no change in tube 
characteri;tics 
noted 

35P 10.n-8l 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Tubes, Electron 

1 DESICaf ALLOV,'ABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm.(C) 

n 
cm^ 

SN-2225A 

Twin-Triode (Cer- 
amic) 

Sylvania 6.3(10) 1.6(16) 
(E>0.5 
Mev) 

Large Grid I 
increase, probably 
not suitable for 
Nuclear use 

35P 10.73-77 

5517 

Half-Wave Rectifier 

Raytheon     (5ea) 2.3(9) 6.8(l4)ne 
8.5(l7)nt 

Cathode I (+10.4/3)G 
4.3(l2)ne 

2p 447-449 

5636 

Subminiature, duel- 
control ?entoäe 

GE          (2ea) 3.8(10) 2.4(l5)ne 
1.2(l8)nt 

Plate l(-52.7^) & 
Screen l(-57.2^)0 
3.l(l3)ne 

&p  586-591 

Gylvanla     (2ea) 3-8(10) 2.4(15)ne 
1.2(l6)nt 

Plate l(-32,Ai) & 
Screen l(-375t)@ 
3.1(13)ne 

Tung-Sol     (2ea) 3.8(10) 2.4(l5)ne 
1.2(l8)nt 

Plate Ii-29'p}  & 
Screen l(-35^)G 
3.l(l3)ne 

>p 586-591 
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f 
I NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

I 
I 

MATERIAL OR 1 DESIGN ALLOWABLES BASIS FOR RADIATION 

COMPONENT 

Tubes, Electrcr 

1 DESIGN 
ALLOWABLES 

Jit'i'ECTS 
ergs 

©B-(C) 

n 
REFERENCE No. 

cmy 

?65? 

Subminiature Video 
Amplifier; Pentode 

Raytheon     (3ea) U.5(10) 2.5(l5)ne 
1.6(l8)nt 

Plate l(+l6.1$)@ 2p 557-561 
1.5(l5)ne 

Sylvania    (3ea) 4.5(10) 2.5(l5)ne 
1.6(l8)nt 

Plate li~nM)@ 
1.7(l5)ne 

2p 557-561 

^3 

Subminiature Thyra* 
tron Gas Tetrode 

Sylvania     (6ea) 1.1(10) 9.l(l4)ne Plate l(-3.^)@ Ip 613-620 
4.8(17)* 1.5(l4)ne, two 

failed in-pile 

5651 

Voltage Reference  ; 
Tube 

Raytheon     (3ea) 3.5(10) 1.2(l5)ne 
1.2(l8)nt 

Plate V @  3.5 mAde 
(+55^) © 9(l4)ne, 

lp 621-629 

RCA         (3ea) 3.5(10) 1.2(l5)ne 
1.2(l8)nt 

Plate V @ 3.5 mAdc 
(+2.5^) G 8.3(l4)ne 

Ip 621-629 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

Tubes, Electron 

| DESIOI ALLOV;ABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(c) 

n 

cm^ 

5670 

Miniature Mediun-Nfu, 
Twin Triode 

GE          (2ea) ^.1(10) 2.7(15)ne 
1.3(l8)nt 

Plate l(+365i)© 
3.7(l^)ne, gassy 

2p 518-525 

Sylvania     (2ea) It.1(10) 2.7(15)ne 
1.3(l8)nt 

Plate l(+28.5^)© 
2(l5)ne, gassy 

2p 518-525 

Tung-Sol    (2ea) U.l(lO) 2.7 15)ne 
1.3 l8)nt 

Plate l(+66.6^)@ 
2(l5)ne, gassy 

2p 518-525 

?687 

Miniature, Low-Mu, 
Twin Triode 

Tung-Sol     (6ea) 3.1(10) 1.8(l5)ne 
1 (I6)nt 

Plate l(-22.2^)@ 
1.3(l5)ne 

2p 508-510 

5702 

Sharp Cut-off Pen- 
tode 

Raytheon    (12ea) 3.1(9) 7.6(13) 
(E>2.9 
Mev) 

Plate l(-5^)@ 
lt.l(l2)nf 

22p 3, *6 

Raytheon    (12ea) 3.9(10) 8.6(15) 
(E>e.9 
Mev) 

Plate l{-*6<f,)@ 
l.Ml5)nf 

23? 19, 32 

21k 

n 
1 
1 
1 
H 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

Tubes, Electron 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
er^s 

m-(c) 
n 
2 

cm 

5703WA 

Subminiature Triode 

Raytheon    (6ea) 2.9(10) 1.9(l5)ne 
9.Ml7)nt 

Cathode l(-4.7^)@ 
3.7(1^^3, Transcon- 
ductance 
(-2^)@ 8.3(l4)ne 

2p U83-486 

5718 

Subminiature Triode 

GE          (lea) 3.6(10) 1.2(l5)ne 
1.2(l8)nt 

Plate l(+17.5^)@ 
7.6(13)ne 

lp 630-636 

RCA         (2ea) 3.6(10) 1.2(l5)ne 
1.2(l8)nt 

Plate I(-18^)© 
6.6(H0ne 

lp 630-636 

Sylvanla    (2ea) 3-6(10) 1.2(l5)ne 
1.2(l8)nt 

Plate I(-13.8^)© 
6.3(l4)ne 

lp 630-636 

m? 
Subminiature Triode 

GE          (2ea) 2.5(10) 1.5(l5)ne 
8.7(l7)nt 

Cathode I(+12.5^) 
3.6(l^)ne, Trans- 
conductance 
(-12.^) © 1.3(l5)na, 

2p 487-U95 

RCA         (2ea) 2.5(10) 1.5(15)ne 

8.7(l7)nt 

Cathode l(-l^)@ 
1.3(l5)ne 
Transconductance 
(-16^)0 1.3(l5)ne 

2p U87-lt95 

Sylvanla     (2ea) 2.5(10) 1.5(l5)ne 
8.7(17)nt 

Cathode l(-25^) & 
Transconductance 
(-25^)@ 1.3(l5)ne 

2p U87-U95 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

Tubes, Electron 

[ DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(c) 

n 

c^ 

5725/6AS6W 

Miniature Sharp 
Cut-off, Dual Con- 
trol Pentode 

GE         (3ea) 4.1(10) 2.6(15)ne 
l.lt(l8)nt 

Plate l(-20.7^) & 
Screen l(-26^) © 
2(l5)ne 

2p 581-585 

Tung-Sol     (3ea) k.i(io) 2.6(15)ne 
1.4(l8)nt 

Plate l(-22.8^) &. 
Screen l(-U5.^)© 
2(l5)ne 

2p 581-585 

JTkkUA 

Subminiature Ki-Nfu 
Triode 

Raytheon     (6ea) Mio) 2.4(l5)ne 
1.3(lC)nt 

Plate l(-195t)@ 
6.8(l3)ne 

2p 480-U82 

5751V/A 

Miniature Hi-Mu Twin 
Triode 

GE           (2ea) 3.8(10) 2.5(l5)ne 
1.2(lG)nt 

Plate l(+50^)e 
1.8(l5)ne 

2p 511-517 

Sylvania     (2ea) 3.8(10) 2.5(l5)ne 
1.2(l8)nt 

Plate I(+^)© 
1.8(l5)ne 

2p 511-517 

Tung-Sol     (2ea) 3.r(io) 2.5(l5)ne 
1.2(l8)nt 

Plate I(+57.1^)© 
1.5(l5)ne 

2p 511-517 

1 
I 
I 
I 
I 
D 
D 
0 
\l 

li 

l: 
I 
li 

i! 

216 



I 
i 
I 

I 

I 
I 
I 

NUCLEAR RADIATION EFFECTS DESIGN AI.LOV.'ABLES 

MATERIAL OR 
COMPONENT 

Tubes, Electron 

[DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION  1 
EFFECTS 

REFERENCE No. 
1 ergs 

gm-(C) 

n 
^ 

531UWA 

Miniature Medium-Mu 
Twin Triode 

G.E.    (1 ea) ^•3(10) 1.8(l5)ne 
1.5(18)nt 

Plate I(-33.9^) at 
9.2(14)ne, possibly 
gassy 

2 P 527-533  j 

Sylvania (2 ea) " II Plate I (-25^) at 
9.1 (ll+)ne 

" 

Tune-Sol (2 ea) M Plate I(/l8^) at 
7.U(ll+)ne 

"             1 

5019 

Photo-Multiplier 

RCA 2.2(7) 
ergs/gm 
-(C)-hr 

/0.3 ma Anode 
current 

9 P 91 

j      5829 

Dual Diode 

Raytheon    (12ea) 3.1(9) 7.6(13) 
(E>2.9Mev; 

Ip/E- Ratio (0.0^) 22 p 3, U8 

Raytheon    (12ea) 3.9(10) 8.6(15) 
(E>2.9Mev; 

Plate I (/ 1$)  at 
2.9(l5)nf 

23 P 19, 33 I 
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NUCLEAR RADIATION EFFECTS DESIGN AIJ/y.-.'ABLES 

MATERIAL OR 
COMPONENT 

Tubes, Electron 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

EFFECTS 

REFERENCE No. 
ergs 

em.(c) 
n 

cn^ 

^840 (620^) 

Subminlature Sharp- 
cutoff Pentode 

GE     (2 ea) 6.6(10) l+.U(l5)ne 
2.l(l8)nt 

Plate I(/19.2^) and 
screen l(+l6?i) @ 

2.h(l2)ne,  gassy 

2 p 572*-580 

RCA     (2 ea) Plate l(/22.^) and 
screen I(+15^) @ 
2.i*(l2)ne 

2 p 57^-580 

Sylvania (2 ea) 11 tf Plate I (+25.6^) and 
screen, l(+l6.2%) ® 
2.U(l2)ne, gassy 

11 

bÖTu 

Subminlature pencil 
?ype. 
UHF Triode 

RCA    (0 ea) 5.9(10) 3.3(l5)ne 
2.l(l8)nt 

Plate I(-19;4) at 
1.7(15 )ne, all gassj 

2 p J+77-479 

5890 

Subminiature dual 
diode 

GE     (1 ea) 3.7(io) 1.2(l5)ne 
1.2(l8)nt 

Output V (-0.5^) at 
0.6(13 )ne, Emission I 
(-28i) at l.l(l5)ne 

1 p 648-659 

Sylvania (iea) Output V(-l^) at 
7.6(13 )ne,Rmlssion I 
(/i5;o 

tl 

210 

I 
I 
I 
I 
B 
n 
11 
ii 

fi 
1! 
II 
II 
II 
U 
Ü 

[I 

I! 



I 
I 

I 
( 

i 

i 
I 
I 

NUCLEAR RADIATION EFFECTS DESIGN ALLOVABLES 

MATERIAL OR 
COMPONENT 

Tubes, Electron 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

ßm-(C) 

n 

cm 

?8?cjA 

Subminiature semi-re- 
mote cutoff Pentode 

GE      (2ea) k.8(10) 3.2(15)ne 
1.6(18)nt 

Plate I(/21^) at 
3.6(14)ne, Screen I 
(/25^) at 2.5(l5)ne 

2 p 562-568 

Soaotone (2 ea it tl Plate I(-3054) at 
2.5(l5)ne, Screen I 
(-13.^) at2(l5)ne, 
All failed to 
Svtrvive Irradiation 

ll 

Sylvania (2ea) M «1 Plate I(-7^) and 
Screen I (-8.3^) 
at 7.2(ll4-)ne 

It 

5?02 

Subminiature Pentode 
(Beam Pwr.) 

GE      (3ea) 3-3(10) 2.6(15)ne 
1.4(l8)nt 

Plate I(-9.1^) at 
l.l+(l4)ne, Screen I 
(-19^) 

1 p 660-671 

(3ea) 3.1(9) 7.6(13) 
(E>2.9Mev) 

Plate I (/S") at 
2.2(l3)nf 

22 p 3, kk 

GE and Sylvanta 
(I2ea) 3.9(10) 8.6(15) 

(E>2.9Mev) 
Plate l(/570 at 
6.6(l5)nf 

23 P 19,30 

Sylvania (6ea) 3.1(9) 7.6(13) 
(E>2.9Mev) 

Plate I(/5/0 at 
2.2(l3)nf 

22 p 3, H 

(3ea) 3-3(10) 2.6(l5)ne 
l.U(l8)nt 

Plate I(-13^) 
Screen I (-19^) at 
l,9(l5)ne 

1 p 660-671 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Tubes,Electron 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

ßrn-(C) 

n 
cm^ 

Wl 
Dual diode (UHF) 

Sylvania  (3ea) 1.6(9) 2.5(14) 
(EX).5Mev 

Envelopes Turned 
Brovm but no other 
Damage 

35 P 10.71-73 

??0T 
Remote Cut-off 
Pontode 

Sylvania (3ea) 1.6(9) 2.5(14) 
(E>0.5Mev) 

Envelopes Brown, No 
other damage 

35 P 10.71-73 

^00 

Sharp Cut-off, dual 
control pentode 

Sylvania  (3ea 1.6(9) 2.5(14) 
(EX).5Mev) 

Envelopes Brown, No 
other damage 

35 P 10.71-73 

5993 
Miniature, full-wave, 
hi-vacuum rectifier 

Bendix   (6 ea) 3(10) 1.3(l5)ne 
l(l8)nt 

Output I(-1.3^) at 
I.i4(l3)ne, All 
survived 

2 p i+63 

I 
i 
I 
I 
I 
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NUCLEAR RADIATION EFFECTS DESIGN ALLCT/ABLET. 

MATERIAL OR 
CCMPONEMT 

Tubes,   Electron 

60Q;3/6AC£ 

Miniature beam power 
pentode 

GS (6ea) 

6021 

Subminiature Medium 
Mu twin triode 

DESIGN ALLOWABLES 
ergs 
gm-(C) cm 

BASIS FOR 
DESIGN 
ALLOWABLES 

|  RADIATION 
EFFECTS 

REFERENCE No. 

3.6(10) 1.6(l5)ne 
..3(l8)nt 

GE (lea) 

Raytheon (2 ea) 

Sylvania  (2 ea^ 

(llea 

GE, Raytheon and 
Sylvania (12 totaJ 

.7(10) 

3.1(9) 

.9(10) 

2.3(l5)ne 
1.2(l8)nt 

7-6(13) 
(E>2,9Mev) 

8.6(15) 
(E>2.9Mev) 

Plate I(-37^) at 
lfl5)ne. Screen I 
(/16.^) at 3.5(liOn(i 
one failed in-pile 

Plate l(/37^) at 
7.3(l^)ne 

Plate I(/l8o,;0 
at 3.7(liOne, gassy 

Plate I(/6l.^) at 
1.7(15)ne 

Ip/fiB Ratio(/5^) 
at lTÖ(l2)nf 

Plate !(/ 3^0) at 
2.7(l5)nf 

221 
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2 p 53^-536 

11 

2 p 53^-536 

22 p 3, ^7 

23 P 19, 31 



NUCLEAR RADIATION EFFECTS VEr.IGV. MJO'lATiLFS, 

MATERIAL OR 
COMPONENT 

Tubes,   Electron 

DESIGN ALLOWABLES 

rg£ 

Km-(C) 

bOÖO 

Low-Mu Twin Triode 

KCA (oea) 

bill 

Subminiature Med-Mu 
Twin Triode 

GE 

" 

3 ea) 

'2 ea) 

I^aytiieon (2 ea 

Gylvania (2ea 

2.5(10) 

2.9(10) 

8.2(l4)ne 
8.2(l7)nt 

3(l7)nt 

1.2(l5)ne 
1(18)nt 

BASIS FOR 
DESIGN 
ALLOWABLES 

Cathode V  (-2.W) 
at 2.7(l3)ne 

Tube failed 

Plate  l(/ll.4';J) 
at l(l5)ne 

Plate I  (/2a;)) at 
3.8(l4)ne 

Plate  I   (-21 !.) at 
3.2(l'()ne 

222 

RADIATION 
EFFECTS 

REFERENCE No. 

1 p 672-679 

52 p 8,  17 

2 p 5^6-551 
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NUCLEAR RADIATION EFFECTS DESIGN ALLCK.'ABLES 

MATERIAL OR 
CCMPONENT 

Tubes, Electron 

1 DESIGN ALLOWABTES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

Em-(C) 

n 

cm'" 

6112 

Submlniature hi-mu 
twin triode 

GE      (2ea) 3-6(10) 2(15)ne 
1.3(l8)nt 

Plate I(-^57o) at 
3(l^)ne 

2 p 537-5^3 

GE(ln circuit 
with GE bill) 
(2 circuits) 3(17 )nt Circuit Failed 52 p 8 

Raytheon (2 ea] 3.6(10) 2(15 )ne 
1.3(lÖ)nt 

Plate I(-20^) at 
3(lU)ne, gassy 

2 p 537-5^3 

Sylvania (2ea) M it 
Plate I(-27.3^) a 
3(l4)ne 

11 

62^2 

Multiplier Phototube 

Dumont (2ea) 2.27(7) 
ergs/gm 
-(C)-hr. 

/ 1.25 raa anode 
current 

9 P 91 

638i+ 

Beam Power Amplifier 

Bendix  (9 ea) 4.1(10) 2.5(l5)ne 
1.3(l8)nt 

all failed 
due to glass 
fractures 

2 p 596-60I 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'AnLES 

MATERIAL OR 
CCMPONENT 

Tubes, Electron 

1 DESIGN ALLOV.'ABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

ergs 

s«-(c) 
n 

REFERENCE No. 
^ 

6442 

Ceramic Triode 

GE        (^ea) 7(10) 5.5(16) 
(E>0.3Mev; 

No damage 31 p 2-14 

F-686T 
SHF, intermediate- 
pwr. Traveling Wave 
Amplifier 

Federal Tele, and 
Ridio     (2ea) 3.1(9) 8.6(13 )IM 

6.5(l6)nt 
Both Failed 
at 7.2(13)ne 

2 p 431-436 

7077 
Class A ceramic 
Triode 

GE    (5ea) 7(10) 5.5(16) 
E>0.3Mev) 

No damage 31 P 14 

7296 

Ceramic Triode 

GE 2.2(l8)nt No damage 52 p 17 

I 
I 
I 
D 
n 

fi 
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NUCLEAR RADIATION EFFECTS DEHIGN AI.LOVABLES 

MATERIAL OR DESIGW ALLOV-'ABLES BASIS FOR RADIATION 
COMPONENT DESIGN 

ALLOWABLES 
EFFECTS 

REFERENCE No. 
ergs 

ßm-(C) 
n 

Tubes,   Electron cn^ 

7S68 

Ceramic Triode 

GE        (4ea) 7 (10) 5.5(16) 
(E>0.^ev) 

No damage 31 P 1A 

7ö?b 
Metal-Ceranic 
Nuvistor 

RCA  (4 Tested in 1.4(l8)nt 1 circuit failed 52 p 17 
2 circuits) at 9.7(l7)nt and the 

other at 1.4(l6)nt 

Miscellaneous Type 

HfiO 

Cold Cathode Type 
. 

Tung-Sol     (k ea 5(9) 5(l6)nf Three had large 
signal degradation 

28 p 3 
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8.32 WIRE. EI£CTOICAL 

MUCLEAR RADIATION EFFECTS DESIGN ALLOV/ABLES 

MATERIAL OR 
CCMPONENT 

Wire, Electrical 

[ DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

ergs 

ßni-(C) 

n 

c^ 
REFERENCE No. 

Autollte 
Mil-W-5ÖÖ6, Ag Plated U.3 (10] 1.8(15 )ne Insulation R, de- 60 p36, ^2, 
Cu conductor, Sili- creased by order ^10 46 
cone Rubber Insula- 
tion, Ist Braid Com- 
bination of glass 
fibre and synthetic 
fibre, 2nd Braid 
synthetic fiber and 
heat resistant Lacquc r 
Insulation, Hl-volt. 
(3ea) 

Beiden Mfg. Co. 
Mil-W-503, Heavy 2.8(10) 8.l(l3)ne Insulation R de- 60 p36, 42, 
Beldtherm, Class "B" creased by order "10 •  46, 59 
Insulation (Epoxide- 
Polyester Resin) 
Magnet Wire (3 ea) 

Heavy Nyclad, Nylon 3.3(10) l.l(l5)ne Insulation R de- 
creases factor ~ lo3 

74 p33 
& Vinyl-Acetal 
Insulation, Magnet 
Wire  (3 ea) 

Heavy Formvar, Vinyl 3.2(10) l.l(l5)ne Insulation R de- 
creases factor^lO3 

74 p3l,26 
Acetal Insulation, 
Magnet Wire  (3 ea) @ l.l(llt)ne 

Mil-W-583, Heavy 2.8 (10 8.1(14 )ne Insiaation R de- 60 p37,43,4< 
Beldsol, Pdyurthane creases by order ~ 60 
Disocyanate Insula- 102 imnediately 
tion       (3 eti) 

! 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV/ABLES 

MATERIAL OR 
COMPONENT 

Wire, Electrical 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

fiSB-(C) 

n 

cm^ 

Bimback Radio Co., : nc. 
1.8(l5)ne Insulation B de- 

creased by factor 
~ 100 

60 pSS,^, 
^2,56 

Mll-W-l6örHA 
#20 AWG, Insulated 
type E (Teflon) Hi- 
Temp. 

^73(10) 

600VJ Copper, Aircraf-I 
Shielded by Copper 
Shield   (3 ea) 

;  3-7(10) l.Ml5)ne 
l.Ml8)n1 

Insulation B de- 
creased by factor 
~10\ two shorted 
in-pile 

7^ P30 

(3 M 2.2(l6)ne Insulation R de- 
creased by factor 
~L05 @ 1.7(l6)ne. 
Two shorted in-pile 

7^ p^S 

600V, Copper, Air- 
craft       (3 ea) 

mo 2.2(l5)ne Insulation B de- 
creased by factor 
~10% 1.9(l5)ne 

74 p26, 39 

(3 ea) 2.2(l6)ne Insulation R de- 
creased by factor 
~10k ® 1.9(l6)ne 

7h p42, 27 

William Brand Co. 

U.l(l6) 
(E>0.5Mev) 

Cracked and became s( 
Brittle that no testi 
could be performed 

35 plO. 96- 
100 

AWG 22, 19 Strande 
#3^ AWG Tinned Soft 
Cu», Insulation O.Olö" 
Dow Coming Silastic 
80     (10 ft) 

AWG 22, 7 Strands of 
#30 AWG, Ag-plated 
Soft Cu, Insulation 
0.031" (X  XE-9003A 

(10 ft) 

II ti n 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

Wire, Electrical 

William Brand Co. (O mt.) 
AWG 20, 19 Strands o: 
#32 AWG Ag-plated 
Soft Cu, Insulation 
0.016" Sllastic 80 

(10 ft) 

AWG Ik,  19 Strands 01 
#27 Tinned Soft Cu, 
Insulation 3/64" 
GE SE-975    (10 ft 

AWG Ik,  19 Strands or 
#2? AWG Ag-Plated 
Soft Cu, Insulation 
3/64" Silastic 80 

(10 ft) 

DESIGN ALLOWABLES 

ergs 

Sm-(C) 

Gavitt Wire & Cable 
Mil-W-76A, Hook-up 
Covering "j". Nylon 
Jacket, Polyvinyl 
Insulation    (3 ea 

(3 ea) 

Mil-W-76A. Hook-up 
Covering    B",   Clews 
Y«um Braid,  PVC 
Insulation (3 ea) 

4.1(16) 
(EX).5Mev 

Co. 
3.3(10) 

3(11) 

3.3(10) 

9.6(l4)ne 

l.l(l5)ne 

9.6(l4)ne 

BASIS FOR 
DESIGN 
ALLOV.'ABLES 

Cracked and became 
so brittle that no 
tests could be 
performed. 

Insulation B de- 
creased by factor 
—KT @ 1.9(12)ne 

Insulp.tion B de- 
creased by factor —' 
105 @ 3.8(l3)ne.    All 
shorted in-pile 

Insulation B de- 
creased by factor 
-'103© l.8(l2)ne 

RADIATION 
EFFECTS 

REFERENCE No. 

228 

35 plO. 96- 
100 

60 p35, 46, 
48 

74 p40, 27 

60 p35, 46, 
48 
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NUCLEAR  RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Wire, Electrical 

DESIGN ALLOWABLES 

Gavitt Wire & Cable 
Mil-W-76, Hook-up 
Covering "BS," Glass 
Yam Braid & Cu Shieljd 
PVC Insulation (3 ea] 

2o. (Cont rät 

(3 ea]   3(11) 

Mil-W-76A, Hook-up        ^.3(10) 
Covering 
PVC Insulation (3 ea] 

ergs 

gni-(c) 
n 

cm' 

rioT 

Mil-W-76A, Hook-up 
Covering "U," PVC 
Insvilation (3 ea] 

4.1(10) 

Fhelps Dodge Copper ] roducts 
Mil-W-503, Magnet 
Wire, Heavy Thennalele 
Single Daglas, Silic^ne 
Glass fiber, Dacron 
Yam (polyester). 
Class "B" Insulation 
(Epoxide-polyester 
Resin) (Bthylane 
glycol & Terephthalid 
Acid Insulation)(3 ei ) 

i 2(l5)ne 

l.l(l5)ne 

2.2(l5)ne 

1.9(l5)ne 

BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 

2.8(10) 
Corp» 
e.l(ll+)ne 

Insulation R de- 
creased by factor 
~10''S 4.5(l3)ne 

Insulation R de- 
creased by factor 
~10k @  3.2(l3)ne 

Insulation R de- 
creased by factor 
~ur @ 1.5(l4)ne 

Insulation R decrease 
factor ^lo3 @ 
1.8(l4)ne 

Insulation R 
decreases by factor 
-100 ® 9.8(l3)ne 

60 p35,'^. 
52 

74 p40, 27 

60 p35, 46, 

60 p35,46. 

60 p36, 42, 
46, 59 

H2V 



NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Wire, Electrical 

Fhelpg Dodge Copper i rod. Coil 
Mil.W-503, »fegnet    2.6(11) 
Wire, Heavy Thermalese 
Single Dallas, Slllcqne 
Glass fiber, Dacron 
Yam (polyester). 
Class "B" Insulation 
(Epoxide-polyester 
He6ln)(Bthylene glycc^L 
& Terephthalic Acid 
Insxjlation)  (3 ea) 

Mil-W-583, Magnet    2.8(10) 
Wire, Same as above 
but has double rathei 
than single Daglas 

(3 ca) 

DESIGN ALLOWABLES 

gm-(C) cm' 

(Cont.) 
9.5{11)ne 

(3 ea) 

Mil-W-583, Magnet    2.8(10) 
Wire, Single Solderese, 
polyurathane, 
Dlsocyanate Insulation 

(3 ea) 

(3 ea) 

Mil-W-583, Magnet    3.6(ll) 
Wire, Heavy Thermaleae 
"B" Insulation (epoxljde 
Polyester Resin) 
(Bthylene glycol & 
Terephthalic Acid 
Insulation)  (3 ea) 

Mll-W-583, Magnet 
Wire, Single Nyfonn 
Combination of Vinyl 
Acetal & Nylon 
Enameled Insulation 

(3ea) 

2.6(11) 

2.6(11) 

8.l(l4)ne 

9.5(l^)ne 

8.l(ll+)ne 

9.5(l^)ne 

1.9(l5)ne 

BASIS FOR 
DESIGN 
ALLOWABLES 

Insulation R 
decreases by factor 
~100 S 2,4(l2)ne 

Insulation R 
decreases by factor 
.~100 @ 9.8(l3)ne 

Insulation R de- 
creases by factor 
^100 @ 2A(l2)ne 

Insulation R de- 
creases by factor 
~100 @ 9.8(l3)ne 

Insulation R decreasejs 
by factor" 100 
@ 3.3(l2)ne 

Insulation R decreascls 
by factor"100 @ 
6.6(l2)ne 

RADIATION 
EFFECTS 

REFERENCE No. 

74 p27, 47 

60 p36, 42, 
46, 59 

74 p27,47 

60 p37, 43, 

46, 60 

74 p50, 27 

74 p46, 26 

Insulation R decrease^ 74 p26, 48 
by factor-" 100 © 
8.4(l2)ne 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

Wire, Electrical 

Fhelps Dodge Copper ] Tod. Cor] i»  (Cont.) 
Mil-W-5Ö3, Magnet 
Wire, Heavy Nyform, 
similar to wire of 
last item on previoui 
page       (3 ea) 

(3ea) 

Mil-W-583, Magnet 
Wire, Heavy Fonnvar, 
Vinyl-Acetal 
Insulation   (3 ea) 

Mil-W-583, Magnet 
Wire, Heavy Formvar, 
Single Daglas, Glass 
fibre, Dacron Yam 
(Polyester)   (3 ea 

Same as above 
except Single Forrnva ■ 
8s double Daglas(3 ea 

DESIGN ALLOV.'ABLES 

ergs 

Sa-(C) 

u.nio) 

2.6(11) 

2.6(11) 

4.1(10) 

2.6(11) 

BASIS FOR 
DESIGN 
ALLOWABLES 

1.5(15)n^ Insulation R de- 
creases by factor 
'-lO @ 1.6(l4)ne 

9.5(l4)ne 

9.5(lMne 

2.2(l5)ne 

9.5(l4)a« 

Insulation R decreases    7^ p27> ^9 
by factor ~100 @ 
2.U(l2)ne 

Insulation R 
decreases by factor 
^100 @ 2.4(12jne 

Insulation R 
decreases by factor 
~10 @ 2.3(l4)ne 

Insulation R 
decreases by factor 
-^100 @ 3.1*(l2)ne 

RADIATION 
EFFECTS 

REFERENCE No. 

7k P26, 36 

231 

7^ p27, ^9 

74 p26, 3^ 

7k p27, 50 



NUCLEAR RADIATION EFFECTS DE3IGM ALLOV.'ABLES 

MATERIAL OR 
COMPONENT 

Wire, Electrical 

DESIGN ALLOWABLES 

ergs 

BB-(C) 

Sprague Products, Inc 

Mil-W-583, Magnet 
Wire, Ceroc , Teflon, 
Inorganic Ceramic & 
Teflon Insulation 

(3 ea) 

Mll-W-583, Magnet 
Wire, Ceroc., silic 
Inorganic Ceramic & 
Silicone Insulation 

(3 ea) 

ore 

3.5(10) 

Miscellaneous 

Mil-W-l68T8c, Type 
(lOOOV) Extruded 
Insulation (Teflon - 
TFE) 

Mil-W-l68T8c, Teflon 
Wire, Single Conduct<r 
OOOV, Ag-plated Cu 
Shield Jacket of Wrapped 
Teflon, Also tvisted] 
pair types 

Mil-W-i2i49(SIGC) 
Modified Polyolefin 
Insulation 

cm' 

BASIS FOR 
DESIGN 
ALLOWABLES 

1.9(l5)ne 

1.3(9) 8.7(ll)nf 
l(l2)nt 

All Shorted in- 
pile 

Two shorted in-pile 

Very brittle & 
powdery 

Flaked off & powdery 

Withstood radiation 
in good condition 

RADIATION 
EFFECTS 

REFERENCE No. 

7^ jM,  26 

7h  p26, 52 

8 pirr, ii4 

8 pll7, 114 

8 pll7 

I 
T 
I 
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n 
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1 
1 

1 
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NUCLEAR RADIATION EFFECTS DESIQN ALLO'.'ABLES 

I 

I 

I 

I 

I 

( 

i 

! 

I 
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I 

MATERIAL OR 
COMPONENT 

Wire, Electrical 

Miscellaneous (Cont. 

Mil-W-7139A, Inner 
Insulation.    Two 
servings of wrapped 
Tteflon.     Outer - Two 
servings of braided 
fibre  -  glass im- 
pregnated with Tef lo: i 

DESIGN ALLOV.'ABIES 

ergs 

BB-(C) 

1.3(9) 

BASIS FOR 
DESION 
ALLOWABLES 

8.7(ll)nl 
l(l2)nt 

Inner was very brittle 8 pll7 
Outer is in good 
condition and con- 
fines inner 

RADIATION 
EFFECTS 

REFERENCE No. 

233 
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235 



3.1 AMPUFIERS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

Miscellaneous 

MATERIAL OR 
COMPONENT 

Amplifiers 

Two Stage Instrument 
Amplifier (Transistor 
2NU3A And ?N95?) 

Low Level Servo 
Amplifier (Transistor 
i Type ?N43) 

Mixer or Buffer 
Magnetic Amplifier 
(Diodes) ti Types HD 
6OO6 

DESIGN ALLOWABLES 

ergs 

0n-(C)-sec cm -sec 

1 (16) 

1 (16) 

1 (16) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Amplifier gain (-8^) 

Amplifier gain (-15^ 

No effect on 
amplifier gain 

RADIATION 
EFFECTS 

REFERENCE No. 

?11 p 99 

211 P 99 

Pll p 99 
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3.2 CAPACITORS 

3.2.1 CERAMIC 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Capacitors, Ceramic 

Aerovox Corp. 

O.Olmf 
CBüAT 

Spraßuc pdts Co. 

O.Olaif 
Type CW) 

Vltramop, Inc. 

QOOk-Jmf 
Type VK 20 (2ea) 

Miscellaneous 

O.Olmf, 600 VDC 
Disk Type Ceramic 

DESICTI ALLOWABLES 

ergs 

gm-(C)-sec 

3.0 (9) 

cm -sec 

-9(16) 

U.3 (9; >1(17) 

3-1(9) 

2.7 (8) 

~9(16) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Capacitance (/l.ö^t) 
Diss. factor (/8.7%) 

Capacitance (0^) 
diss. factor (A£) 

Capacitance #1 
(/0.22*) 

Capacitance #2 
(-0.11*) 

Diss. factor (-3-2*) 

Initial V change 

i-oM) 

RADIATION 
EFFECTS 

REFERENCE Ho. 

203 p 5, 12,68 

203 p 5 

203 p 5,13,62 

208 p 83, 109 
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3.2        CAPACITORS 

3.2.2      EIBCTROLYTIC 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Capacitors, 
Electrolytic 

6 nT, 600 VDC 
Dykanal 0 (chlori- 
nated •ilphenyi) 
TJU 60601 

dpra^u'j Products Cu, 

10 .TU- 

TVL Type 

1+0 mi' 
TVL Type 

lOO ruf 
TVL Type (2 ea) 

DESIGN ALLOWABLES 

ergs 

Km-(C)-se( 

4.3(b) 

cm -se c 

1.7ö(9) 

1.02(9) 

y.i(9) 

^5(16) 

-3(i6) 

~1(16) 

BASIS FOR 
DESIGN 
ALLOWABLES 

No Electric 
Breakdown, No capa- 
citance Change 

2270 Microamp 
Leakage Current 

>>2700 Microamp 
Leakage Current 

^69 Microamp 
Leakage Current 

238 

RADIATION 
EFFECTS 

REFERENCE No. 

208 p. 83, Ilk 

203 p. 6, 62 

203 p. 6, 62 

203 p. 6, 62 
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3.2        CAPACITORS 

3.2,3      GIA^G 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Capacitors, Glass 

Coming Glass Works 

O.Ol mf 
Glass Type CY30 

International Busi- 
ness Machines 

0.01 mf 
Evaporated Glass 

DESIGN ALLOWABLES 

ergs 

gm-(C)-sec 

3.M9) 

cin--sec 

'9(16) 

h.o  (9) 'KiT) 

BASIS FOR 
DESIGN 
ALLOWABLES 

No change in 
capacitance 

No change in 
capaci tance. 64 
microamp leakage 
current. 

RADIATION 
EFFECTS 

REFERENCE No. 

203 p. 5, 12, 
62 

203 p. 6, 62 
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0 
3.2        CAPACITORS 

1 
3.2,4      MICA 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 1 
MATERIAL OR 
COMPONENT 

Capacitors, Mica 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
1 ergs 

gm.(C)-sec 

n 

cm2-sec 

B El Menco 

O.Ol mf 
Huby Mica 

4.3 (9) ^1(1?) Capacitance (-0.02^ 203 P. 12, 62 

fl 

0.01 mf, 500 VDC 
Silver-Mica 

1.1 (8) Capacitance (OlJ^t) 
Initial V Change 
(-0.6^) 

208 p. 83, ia 
109 f! 
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3.2 

3.2.5 

CAPACITORS 

MYLAR 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Capacitors, Myiar 

Good-All 

1 mf, 600 VDC 
Type 6l3G 

Miticellaneaun 

Type Polyethylene 
Terephthalate (Mylar 
Capaci ir.or 

DESIGN ALLOWABLES 

ergs 

Km-(C)-sec 

2.0 (8) 

3.8(8) 

cm^-sec 

BASIS FOR 
DESIGN 
ALLOWABLES 

Capacitance (0tl5^) 

Induced conductivity 
(ohm-cm)" 
(l.l x 10"11) 

RADIATION 
EFFECTS 

REFERENCE No. 

208 p. 83, 101 

202 p. lU 

2U1 



3.2        CATACITQRS 

3.2.6      PAPER 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Capacitors, Paper 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(c)-sec 

n 

cm2-sec 

Cornell-Dubilier Co. 

2.7 (8) 
Maximum Voltage 
Change less than 5.U 
volts. Capacitance 
(-3.5*) 

211 p. 62 
208 p. 83, 101 

O.lmf 6üO vdc 
Oil-Impregnated 
CP2ÖA1EF10UK 
Cub Type 

1 mf 60ü vdc 
Wax-Impregnated 
Pup Type (6 ea) 

1.2.(8) Initial V Change 
(-0.7%) 

208 p. 83, 101 

6 mf - Epoxy Kish' 
Potting Compound, 
Pup Type 
(6 each 1 mf in 
parallel) 

1.1(8) [■feud, mum Voltage 
Change =10.8 volts 

211 p. 62 

Spra/^ue Productc Co. 

0.01 mf 
Vitamin Q Impreg- 
nated 

6.3(8) Capacitance (+7.6%) 
Diss. factor (-25%) 

200 p 12 

0.U7 mf UOO VDC 
Vitamin Q Impref- 
nated 

2.0 (8) Capacitance (oll2%) 208 p 83, 101 
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3.2 

3.2.7 

CAPACITORS 

TANTALUM 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Capacitors, Tantalum 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C)-sec 

n 

cin2-sec 

Sprague Products Co. 

3.7(9) -1(17) Capacitance (^0.36^) 
Dies.factor (-3.2^) 
Leakage I (26.6 ma) 

203 P. 12, 62 O.Oi tnf 
Type 150D 

O.i mf 
Type 1500 

3.M9) ^9(16) Capacitance (♦0.47'i) 
Dlss. factor (-10.9^) 

203 p. 12, 62 

i mf 
Type 150D 

-3(9) -7(16) Capacitance (^0.77^) 
dlss. factor (-13.9^) 

203 P. 12, 62 

h  mf 
Type 1200 (2 ea) 

2.1 (9) ^6.3(16) Capacitance (+1.2^) 
Diss. factor (Vatyl) 

203 p. 
62 

6, 12, 

10 mf 
Type 1500 (3 ea) 

3^(9) ~9(l6) Capacitance (+6.156) 
Diss. factor (-27.2^) 
Leakage I (-+l60 ma) 

203 P. 
6 

12, 62, 

10 mf 
Type 1200 (2 ea) 

-2(9) -^6(16) Capacitance (-2.55t) 
Diss. factor (-21.356) 
Leakage I (19.7 ma) 

203 P. 
62 

6, 12, 

10 mi- 
Type 1090 {h  ea) 3-2 (9) -7.2(16) Capacitance (^6.556) 

Diss. factor (-19.65t) 
Leakage I (872 ma) 

203 p. 
62 

6, 12, 

12 mf 
Type 1200 

1.8 (9) -5.8(16) Capacitance (+3.750 
Diss. factor (-7.2^) 

203 P. 12, 62 

22 mf 
Typt- 1500 (2 ea) 

-3.3(9) -7.2(16) Capacitance (+i*.795t) 
Diss. factor (-35^) 

203 P. 12, 62 

12 mf 
Tantalex Typo (2ea) 

6.5(8) -2(15) Capacitance (+0.335t) 
Diss. factor (+16.665J 

200 p. 12 

243 



3.3 CIBCUIATORS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Circulators 

DESIGN ALLOWABLES 

ergs 

gm^C^sec 

Sperry - Rand 
Corporation 

C - Band Coaxial 
Y - Junction 
Circulator 

2.2 (7) 

n 

cm2-sec 

1.3 (17) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Changes in Output 
signal levels from 
the antenna port of 
the unpotted circu- 
lator and the antenni. 
and receiver ports 
of the potted circu- 
lator area less than 
0.05db. 

RADIATION 
EFFECTS 

REFERENCE No. 

212 p.   5-1 
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3.* COAXIAL CABLES 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

I 
MATERIAL OR DESIGN ALLOWABLES BASIS FOR RADIATION 
COMPONENT DESIGN 

ALLOWABLES 
EFFECTS 

ergs n 
REFERENCE No. 

Coaxial Cables gm-(C)-sec cm2-sec 

Phelps Dod«e Comser 
Products 

Air dielectric 7 (16) Bie degree of Ioni- 212 p. 5-2 
coaxial catle 1.2 (7) sation was found to 
(Splrafll) ncrease when the air 

>ressure was reduced 
>elow one atmosphere 

Hscellaneous 

— 7 (9) RG-58/U. Voltage 204 p. 8 Coaxial Cable 
(Open Circuit) Pulse of 0.2-♦ 05 
RG-58/u and BG-9A/u. | volt is developed 

during the burst 
RG-gA/u voltage 
pulse of 1.0 to 
2.0 volts. 

«-62 Coaxial -7 (9) -O.90 Induced 
voltaße in cable 

210 p. 29 

*G-59/u -7 (9) 1 (16) 0.10 Induced voltage 
in cable & 6.1 in- 
duced microamps in 
cable 

211 p. 21 

Vi-62/u - 7 (9) 1 (16) -15^ capacitance 211 p. 21 

«-58/u 9.5 (8) 5-5(16) Induced I 205P. 36-39, 
Solid Polyethylene 100 Ha @  1500V U5 
dielectric, solid Induced I 
center conductor 30 MA  no volts 
shield tinned - applied 

la  Braid 

2U5 



NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Coaxial Cables 

HG-8/u 

Solid polyethylene 
dielectric stranded 
center conductor, 
shield Cu hraid 

DESIGN ALLOWABLES 

ergs 

gm-{C)-sec 

1 (9) 

cm -sec 

5.9(16) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Induced I @ 1500v 
applied (600 xc*) 
Induced I,no volts 
applied (25 >*ta-) 

P05 p. 
^5 

RADIATION 
EFFECTS 

REFERENCE No. 

39-^3, 

21*6 

D 
D 
D 
0 
!i 
n 
n 
o 

ri 
r 
0 

. 
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CRYSTALS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Crystals 

Buiova 
300 GAX 
161.73 KC 

DESIGN ALLOWABLES 

rgj 

gm-(C)-sec 

'1(9) 

cm^-sec 

BASIS FOR 
DESIGN 
ALLOWABLES 

Oscillator Amplitude 
(-50^) Freq. 
remained stable 

RADIATION 
EFFECTS 

REFERENCE No. 

200 P21 

2U7 



3.6 TNDUCTOKS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Inductors 

Gerrite 
Inductor Mn-Zn 

Perrite 
Inductor Mn-Zn 

Ferrite Inductor 
m-Zn 

Perrlte Inductor 
Wi-Zn 

DESIGN ALLOWABLES 

ergs 

gm-(c)-sec 

2.8 (9) 

.8 (9) 

2.8 (9) 

2.8 (9) 

? cm -sec 

BASIS FOR 
DESIGN 
ALLOWABLES 

Core located at the 
reactor. No shunt 
resistance. 
AV Percent = - h2 

Core located outside 
reactor with a 100<■« 

shunt resistanc« 
outside the reactor 
AV = - 58 perceni 

No shunt resistance 
AM - - kTf, 

Core located at the 
reactor 

No shunt resistance 
AV = -  32 percent 
Core located 60 in. 
back from the reactoi 

RADIATION 
EFFECTS 

REFERENCE No. 

206 Table HI 

206 Tahle III 

206 Table III 

206 Table III 

D 
D 
II 
0 
0 
D 
fl 
0 
0 
II 
0 
(i 
If 

; 
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3.7 ISOIATORS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

I 
I 
1 

I 

I 
I 
I 

MATERIAL OR 
CCMPONENT 

Isolators 

Sperry Rand 
Corporation 

Internal Magnet 
Coaxial Isolator 

DESIGN ALLOWABLES 

ergs 

gm-(C)-sec cm2-sec 

2.2 (T) 1.2 (IT) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Changes in output 
signal levels fron 
the potted and un- 
potted isolators ar< 
less than 0.05db. 

RADIATION 
EFFECTS 

REFERENCE No. 

212 p 5-1 

2k9 



3.8 LIMITBRS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Limiters 

Sperry Rand Corp. 

Gyrcmagnetlc 
Coupling Limlter 

DESIGN ALLOWABLES 

ergs 

gm-(c)-sec 

3.1 (7) 

cm2-sec 

1.7(17) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Changes In output 
signal levels fron 
the unpotted and 
potted llmlters 
are less than 0.05db 

RADIATION 
EFFECTS 

REFERENCE No. 

S12 p. 5-1 

250 
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3.9 OSCILLATORS 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OH 
COMPONENT 

Oscillators 

Hewlett - Packard 

Model 200 CD 

Miscellaneous 

I (9) 

ItO Kc,  EMR Model T5B      1.1     (8) 
with 2 type 5840 Tubes 

DESIGN ALLOWABLES 

ergs 

Rm-(C)-sec 

L(12) 

22 Kc, Model 1250 A 
vlth 3 ea.TVTJe 210.139 
& 2 ea.iype 2N495 
XsIstors 

22 Kc, Model 1250 A    Ll     (8) 
with 3 ea.Type 2N1139 
& 2 ea.  Type 2N495 
Xslstors 

ho Kc, EMR Model 75B    3.8(8) 
with 2 type 5840 Tubes 

3.8(8)  5.5 (15) 

p cm -sec 

70 Kc. TDI Model 1202^ 3.5 (8) 
i/l th h  type 611 Tub«;s 

JO  Kc. TDI Model 1202^ 1.1 (8) 
*lth ft type 611 Tubes 

?00 cps. Oscillator 
/1th 3 type 2N903 
<lstors (6ea) 

UO Kc, HMR Model 75B 
with types 5840.5718, 
5719 Tubes(2 ea) 

70 Kc, EMR Model 75B 
with types 58Uo,57l8, 
5719 Tubes 

Blocking Oscillator 
Multivibrator (6 ea) 
^th IW13TA & 2K90k 

**.9  (15) 

8.7(8) 

8.7 (8) 

^(15) 

1 (16) 

1(15) 

1(15) 

1 (16) 

BASIS FOR 
DESIGN 
ALLOWABLES 

Output vanishes for 
a period of about 
30 mil sec 

Freq. Shift (-»26^) 
Amplitude Shift 
(-90^) 

Freq, Shift (-2050 
Amplitude Shift 
(-3056) 

Freq. Shift (-4$) 
Amplitude Shift 
(-W 
Amplitude Shift 
(-7*) 
Freq. Shift (<15t) 

Freq.  Shift (+205t) 
Amp.  Shift (-60^) 

Amp.   Shift  (-105t) 
Freq.  Shift (+350 

h  Units failed 

Center Frequency 
Shift (-0.6^,) 

Center freq. Shift 
(- 0.1**) 

3 failed,output 
amp (-80*) 

RADIATION 
EFFECTS 

REFERENCE No. 

203 P31* 

211 p98-99 

211 p99^97 

211 p 98 

211 p99/ 97 

211 p 98 

311 P 99^ 97 

?11 p 99 

211 p 100 

^ll p 100 

t 11 P 99 
251 



3.10 POWEB SUPPLIES 

NUCLEAR FADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Power Supplies 

öoeing Co. 
PS-PIO, 150 VDC 

Transistorized 

PS-??3, ?50 VDC 
Transistorized 
Power Supply 

PS-?10, 150VDC 
Transistors: 1 type 
?N 333, PN 539, & ?N 
575 

DESICTI ALLOWABLES 

ergs 

gm-(C)-sec cm^-sec 

BASIS FOR 
DESIGN 
ALLOWABLES 

1 (16) 

1 (16) 

l.U (16) 

Power unit went out 
of specification 
limits due to change 
in transistor 
parameters 

Output V (O.05V) 
failed, ripple V 
(0.3mv) 

Output V (-1.1$) 
poor regulation 
ripple V ( 1 V) 

RADIATION 
EFFECTS 

REFERENCE No. 

?16 p 1 
211 P 97 

211 P 97 

211 P 97 

ii 

D 
I 
I 
: 

D 
D 
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0 
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3.11       RESISTORS 

3.11.1     CARBOT COMPOSITION 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
n COMPONENT 
Resistors, 
Carbon Composition 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
erps 

gm-(C)-sec 

n 

cm2-sec 

Allen Bradley Co. 

O.i K 2W (3 ea) 
Unpotted 

1.4(9) Resistance (<1*) 200 p. 
211 p. 

7 

1 K, 2W 1.6(9) Resistance (1.65*) 200 p. 7 

1 K, 2W 3-0(8) Resistance (2.3*) 211 p. V7-I19 

1.021 K, 2W, paraf- 
fin potted 

3.8(9) Resistance (0.3*) 21.1 p. 47-49 

10 K 2W (3 ea) 1(9) Resistance (4.8*) 200 p. 7 

10 K 2W, Unpotted 1.^(9) Resistance (0.2*) 211 p. 47-49 

10 K, 2W, parafrin 
potted 

^.3(8) Resistance (1.5*) 211, p. 47-49 

100 K 2W (3 ca) 1(9) Resistance (25*) 200 p. 7 

100 K 7.M9) Resistance (-16*) 201 p. 29 

100 K 2W Acrylic 
potted 

2.3(8) Resistance (2.2*) 211 p. 48 

100 K, 2W, paraffin 
potted 

h.2  (9) Resistance (3.1*) 211 p. 48 

1 Meg 2W (3 ea) 1.1(9) Resistance (75*) 200 p. 7 

1 Meg, 2W, Unpotted 2.3(8) Resistance (5.6*) 211 p. 40 

1 Meß,   2W, paraffin 
potted 

8.1(0) Resistance (30.5*) 211 p. 48 

10 Meg 2W Unpotted 
(1 ea) 

1.3(9) Resistance (8?*) 200 p. 7 

10 Meg, 2W, Paraf- 
fin potted 

»».8(9) Resistance (85*) 211 p. 49 

253 



3.11        RESISTORS 

3.11.2     CARBON FILM 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

-Jesistoiv.._CarbQri Flü! 

1 DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs n 

Km-(c)-sec p 
cm -sec 

Miscellaneous 

-3(9) 2(17) ÄV(niax volts)« 0 206 p.6 O.IK, l/P watt. 

-^_ = 0 (Applied 

voltage = 6 volts) 

O.iK. 1/2 watt -3(9) 2(17) AV (max. volts = 
-0.005 
AR/R  ■ -0.09 
(Applied voltage » 
22 volts. 

206 p. 6 

O.IK, 1/2 watt -3(9) 2(17) AV(Max. Volts) = 
ü.005 
AR/    r -O.OU 

/Ro 
applied voltate 
= -U5 volts 

206 p. 6 

O.IK, 1/2 watt, -3(9) 2(17) AV (max volts)-1.0 

^R/RO: 0, 

Applied voltage13 vat 

206 p 6 

IK, 1/2 watt -3(9) 2(17) AV(max. volts)»0.1( 
AR/   = -1.6. Appli« 

voltage « U5 volts 

206 p. 6 
d 

IK, 1/2 watt -3(9) 2(17) AV(max volts)=l+.0 
AR/  .  ^ 0 /Ro = -7.2 

Applied Voltage « 
-200 volts 

206 p 6 

10K, 1/2 watt -3(c>) 2(17) AV = -O.65 
^%o :   -21.0* 

206 p 6 

100K, 1/2 watt 2(9) 2(17) 
Applied Voltage« 12V 
AV(inax volts) ■ 
-4.2 
AR/Rn :  -1U7* 

206 p 6 

I 
I 
1 
1 
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3.11 RESISTORS 

3.11.3        run 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
CCMPONENT 

Resistors, Film 

Corning Class 

100K Film Resistor 

100K Film Resistor 

International Resistai ce 
Corporation 

DESIGN ALLOWABLES 

ergs 

gm-(c)-sec 

8.7(9) 

1.1(10) 

100K Metal Film 

100K Metal Fila 

Vlctoreen Instrument do 

Ü.1K, 5W Vacuum-En- 
capsulated deposited 
Film 

7.9(9) 

5-9 (9) 

>. 

3-9(3) 

p cm -sec 

BASIS FOR 
DESIGN 
ALLOWABLES 

Resistance(-18^) 

Resistance   (-15^) 

Resistance  (-14^) 

Resistance   (-15/6) 

Resistance   (11.3^) 

201 p.  29 

201.   p.   29 

201 p.   29 

201.   p.   29 

200 p.   7 

RADIATION 
EFFECTS 

REFERENCE No. 

255 



3.11       RBSISTORS 

3.11,«»     WIREWOUND 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Resistors, Wlrevound K"1 

;icpco, Inc. 

10 K,   Paraffin Bot 
ted 

100K,  ftiraffin 

100K 

PDttei9 

1 Mef,, Fferaffin Pot- 
ted 

1 MCR, Paraffin Bat- 
ted 

DESIGN ALLOWABLES 
T 

ergs 

(C)-sec 

6.0 (8) 

h  (8) 

8.7(9) 

8.5 (8) 

7.0 (8) 

n 

cm -sec 

BASIS FOP 
DESIGN 
ALLOWABLES 

1.85t change In resis- 
tance 

13.2^ change in resii 
tance 
Resistance (-22$) 

53-6^ change in resii 
tance 

51.2^ change in resii 
tance 

RADIATION 
EFFECTS 

REFERENCE No. 

211 p 52 

211 p 52 

201 p 29 

211 p 52 

211 p 52 

i! 
I 
I 
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R 
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3.12 SEMICOHDUCTOR IEVICES 

NUCLEAH RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Semiconductor Devices 
IBMOl   (Tunnel Diode) 
Ge PNP 

IN7ÖA 
Ge  Diode 

IN277 
Diode 

IN251* Alloy-Junction 
Silicon Diode Recti- 
fier 

DESIGN ALLOWABLES 
ergs 

gm-(C)-sec 

IN 629 
31  Diode 

N 123 
Ce  PNP 

'N  167 
3e PNP 

IN251  Diode 
Transitron 

IN^U3 Diode 
Pacific  Semiconductor, 
Inc . 

IN 658 Diode 
Radio Receptor 

2H335 Si NPN 
T.I.  

1.5 (9) 

2(8) 

7.2(8) 

2 (8) 

1.5 (9) 

1.^(9) 

5 (9) 

7 (9) 

-6 (9) 

2 (9) 

cm2-sec 

1 (17) 

BASIS FOR 
DESIGN 
ALLOWABLES 

TTSBfl^TiiF 

Reverse I pulse 
@ 15V (50 ua) 
0 50 V (62 ua) 

peak increase 
1 (132 ua) 

Increase of 200 to 
^50 ua from an orlgi 
nal reverse (Leakage 
I of ■< 1 ua were ob- 
served during first 
half mil sec. The 
Amount of Change & 
subsequent recovery 
are Neutron dose 
dependent 

Forward I pulse 
@ Ov (11 ua),Reverse 
I pulse @100v (l8ua) 

I  increase from   211 p I** 
Pretest value of O.U 
ua to 2800 ua at peal 
Transient 

I  increases from co 
pretest value of lua 
to 250 ua ^eak 
Transient 

Peak Leakage I 
8 90oc (UO ua) 

Peak Leakage I 
9 250c (1*25 ua) 

Peak Leakage I 
9 250c (310 ua) 

RADIATION 
EFFECTS 

REFERENCE No. 

211 p 1U 

211 p 18 

211 p 
Table 

18 
3 

210 p 2, 33 

211 p 18 

211 p Ik 

201 p 22 

201  p 23 

?01 p 2U 

co Peak 
isi Transient value(33ua it 211 p Xk 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Semiconductor Devices 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
erps 

es-{cV-sec 

n 

cm2-sec 

?N 335 
P. I. 

i  (9) Peak Ico(800 ua) 
B/B0 (Failed) 

201 p 7 

?N 335 
Seneral Electric 

1 (10) Peak I  (360ua) 
B/B0 (-3o*) 

201 p 8, 1U 

?N 335 Si NPN 
; E 

k  (9) 1  Peak Transient 
(ftk» ua) 

211 p Ik 

?N 338 Si NPN 1 (9) Peak Ic0 Transient 
{5UO  ua) 

211 p.l*f 

2N33Ö 
r I 

1 (10) Peak Ic0 (2UOua) 201 p 6 

?N 338 Si NPN 
r I 

2  (9) Ico Peak Transient 
(35 ua) 

211 F 1> 

2N 389 Si NPN 1 (9) Ico Peak Transient 
(120O0 ua) 

211 p ll* 

?N 339 TI           j 1 (6) B/B0 (-80*) 201 p 15 

2N U95 Si PNP 
Philco 

1 (10) I  Peak Transient 
(170 ua) 

211 p Ik 
201 p 9 

Z 3.9 Zener Diode 
U.S. Semiconductor,Inc 

7.3 (9) Ik  mv change in 
regulation V 

201 p 27 

IN 1313A Zener diode 
Hofftaan 

1 (9) Knee reverse 
Characteristics (No 
change) Min diode V 
did not return to ze« 

211 p 19 

0 

SV-ö Zener diode 
Transitron 

7-5 (8) 29 mv changes in 
regulator V 

201 p 27 

651 CU Zener diode TI 1 (9) Knee reverse charac- 
teristics (no change 
Min. diodes V did 
not return to zero 

211 p 19 

SE 6MI6 Selenium 
Diode Rectifier 

2 (8) 1 (17) Leakage I (f60*) 210 p 2,28 

IBM 51 Oe PNP 1.1* (9) Ico Peak Transient 
LaooQ ua)  

211 p I»* 

li 

: 

: 

1 
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:; 

n 
0 

s 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

afm^""^uc.t<?r Devices 

1275 Si PNP 

HDoOOS Si Diode 

DESIGN ALLOWABLES 

?rgs 

gm-(C)-sec 

1.5 (9) 

2 (8) 

n 
? cm -sec 

BASIS FOR 
DESIGN 
ALLOWABLES 

I  Peak Transient 
(66 ua) 

Current pulse @ lOOv 
(75 ua) 

RADIATION 
EFFECTS 

REFERENCE No. 

211 p lh 

211 p 18 
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3.13 TUBES, EiaCTOOW 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
CCMPONENT 

Tubes. Electron 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C)-sec 
n 

an2-sec 

0 B 2 

Gas filled voltage 
regulator 

Westinghouse (2 ea) 1.1 (9) 12.95^ Change in 
Current 

200 P, 17 

XDIC 

Gas Diode (Firing) 
Vf = 113v 

GE -2.8(9) Diode Bias firing 
= 88^ of Vf 

'13 P 11 

1 P 28 

Photomultlplier 

RCA      (1 ea) 1.8(8) Current Change 
(8900 + 500 na) 

211 P. 3^ 

li 

1 
;; 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Tubes,   Electron 

gpei 
Thyratrons 

G.E.   (2 ea) 

G.E. 

DESIGN ALLOWABLES 

ergs 

gm-(c)-sec 

G.E. 

G.E. 

5-9(8) 

2.k  (9) 

'♦.1(9) 

3-7(9) 

p cm -sec 

BASIS FOR 
DESIGN 
ALLOWABLES 

9.85/^ change In tube 
current. Pulsed 
radiation caused non- 
conducting tubes to 
fire. 

Critical Grid Voltage 
-1.75 volts, applied 

grid voltage ■ -2 
volts. The tube fire I 
during this burst. 

Critical Grid Voltage 
-0,75 volts. Applie L 

grid voltage « -4 vol 
The tube did not fire 
during the burst. 

Critical Grid Voltage 
-h  volts. Applied 

grid voltage = -1.8 
volts.  The tubes 
fired during the burs 

RADIATION 
EFFECTS 

REFERENCE No. 

200 P. 15 

203 P. 23 

203 P- 23 

s. 

203 p. 23 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Tubes, Electron 

DESIGN ALLOWABLES 

XD-lOO 

Gas firing Diode 
Vf = 100 V 

G.E. 

XD-1^0 

Gas firing Diode 
150 V 

G.E. 

XD-225 

Gas firing Diode 
225 V 

G.E. 

XD-300 

Gas firing Diode 
Vf = 300 V 

G.E. 

XD-37? 

Gas  firing  Diode 
Vr =  375 V 

G.E. 

ergs 

gm.(C)-sec 

^2.8(9) 

BASIS FOR 
DESIGN 
ALLOWABLES 

cm -sec 

-6.5(9) 

•6.5(9) 

'6.5(9) 

8(9) 

Diode Bias firing 
68^ of Vf 

Diode Bias firing 
58^ of Vf 

Diode Bias firing 
- 555t of Vf 

Diode Bias firing 
= 57* of Vf 

Diode Bias firing 
=-- 52* of Vf 

262 

RADIATION 
EFFECTS 

REFERENCE No. 

213 p. 10 

213 p. 12 

213 p. 13 

213 p. lb 

213 p. 15 

D 
H 
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C 
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fl 
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( J i 

I 

i 

M 



I 
I 
[ 

I 
i 

1 
I 
I 
I 

NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Tubes, Electron 

XD-T^O 

Gas  firing Diode 
750 V 

G.E. 

1724G 

Ceramic Equivalent 
of 6j6 

Sylvanla 
(Operatinr, under 
Applled Voltage) 

Sylvanla 
(No voltage) 

2146 B 

Ceramic Equivalent 
of 6AQ5 

Sylvania (Operating 
Under Applied Volt- 
age) 

DESIGN ALLOWABLES 

ergs 

gm-(C)-sec 

■8(9) 

cm -sec 

BASIS FOR 
DESIGN 
ALLOWABLES 

3.8(16) 

3.1(16) 

3-8(16) 

Diode Bias firing 
= 62^ of Vf 

Signal Attenuation 
varies with Distance 
from the reactor. 
(-33^) ®  3-7 cm from 
reactor screen. 

No effect on Tube 

Tube Output Completec. 
Attenuated for 150 
mllsec after Burst 
Tube Behavior varies 
with distance from 
Reactor. 

RADIATION 
EFFECTS 

REFERENCE No. 

213 p. 16 

209 p. 15 

209 P- 24 

209 p. 24 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Tubes,  Electron 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABI.RR 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C)-sec 

n 

cm2-sec 

2225A 
Ceraiiic Equivalent of 
L2ATT 

oylvania  (Operating 
under Applied Voltage 

3.8(16) Signal Amplitude 
attenuated to zero a' 
250 milsec after 
burst.    Varies with 
distance from reacto: 

209 p.   15 

Sylvania  (No Voltage) 3.1(16) No effect on tube 209 p.   21* 

Z-5312 

Voltage-Tunable Magne^ 
iron       (vm) 

G.E.   #1697 
(air atmosphere) 

1.7(9) 1(17) Rawer Output   (+c&^) 
Freq.   (-15 Mc or  -0. 
75^) Anode I  (+10 ma. 
or ^107.65t) 

205 p.  19-25 
^5 

G.E,  #1697 
(Nitrogen Atmosphere) 

3.9(8) -> 7(16) Power (+6U^) 
Freq.   (No change) 

225  p.  21 

G.E.   #167^ 2.8(8) 1.6(16) Freq.   (-6 Mc  or-0.26' 
Ftower output  (+33^) 
Anode  I (+3 ma or 
► 20^) for 125  usec. 
Control Electrode   I 
(+130 ua) 

205 p.  31,  Jf! 

G.E. 1.5(9) Nesligible Effect  on 
Parameters. 

20k p.  53 
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NUCLEAR RADJATION EFFECTS DESIGN ALLOWABLES 

MATERIAL OR 
COMPONENT 

Tubes, Electron 

DESIGN ALLOWABLES BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 
ergs 

gm-(C)-sec 

n 

cm2-sec 

Z-5317 

Voltage Tunable 
Magnetron 

GE #193 1.8 (9) 1.1 (17) Power output (+2.5^) 
Freq. (Unchanged) 
Control Electrode I 
+ 75-4.«- for 200/(sec 

205 P. 12-16, 
^5 

Z-5^28 

Voltage Tunable 
Magnetron 

GE #30 9.2 (8) 5.8(16) 'req.  & Power 
Unaffected)Anode I 
+3 ma or +20%)  for 

i00use9,control 
Electrode I (+100^«.) 
for 250 usec. 

205 P. 31-35, 
^5 

56^6 

Triode 

Sylvanla (3 ea) 6.U (9) 3.98 ma Increase In 
jurrent ® cutoff 

201 p. 33 

'jßkO 

Pentode 

RCA      (3 ea) 1.1 (10) 0.82 ma increase In 
current @ cutoff 

201 p. 33 

5896 

Duo diode 

Sylvanla    (8 ea) 7.8 (8) Plate I {Of,) 200 p. 1U 
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NUCLEAR RADIATION EFFECTS DESIGN ALLOWABIES 

MATERIAL OR 
COMPONENT 

Tubes, Electron 

6111 

Sylvanla (2 ea) 

6S20 

Subrainiature 
I'hyratron 

669O 

Triode 

19Ii 

Ceramic Triode 

GE   (U ea) 

Unknown 

DESIGN ALLOWABLES 

ergs 

gm-(C)-sec 

6.8 (9) 

cm'-sec 

L.8(l5)ne 

9.&{lk)ne 

9.1 (9) 

L.3(15)ne 

BASIS FOR 
DESIGN 
ALLOWABLES 

RADIATION 
EFFECTS 

REFERENCE No. 

1.01 ma Increase In  201 p. 33 
current @ cutoff 

83^ amplitude 
decrease 

Plate signal (90^) 
Shifty no pennanent 
damage 

1.5 ma increase in 
current @  cutoff 
Plate signal (71*) 
Shift, no permanent 
damage 

215 P. 58 

215 V.  51 

201 p. 33 

215 P. 51 
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h.O    DESIGN ALLOWABLE REFERENCES 

4.1        STEADY-gTATE IRRADIATION 

Radiation 
Effects Ref. 

Number 

1 Pfaff, E. R. and Skelton, R. D. Effects of Nuclear 
Radiation on Electronic Components. WADC-TR-57-361 
Vol. I. Admiral Corp., Chicago, Illinois. Contract 
No. AF 33(6l6)-3091. August 1958. DDC ADI55789. 

2 Pfaff, E. R. and Skelton, R. D.  Effects of Nuclear 
Radiation on Electronic Components! WADC-TR-57-361 
Vol. II. Admiral Corp., Chicago, Illinois. Contract 
No. AF 33(6l6)-3091. August 1958. DDC AD155790. 

3 Pfaff, E. R. Effects of Nuclear Radiation on Electronic 
Components. WADC-TR-57-361 Vol. III. Admiral Corp., 
Chicago, Illinois. January i960. 

k Pfaff, E. R. Effects of Nuclear Radiation on Electronic 
Components. WADC-TR-57-361 Vol. IV. Admiral Corp., 
Chicago, Illinois. Contract No. AF 33(6l6)-5464. 
December i960. 

5 Pfaff, E. R. Effects of Nuclear Radiation on Electronic 
Components, Phase I.  Scientific Report #5. Admiral 
Corporation., Chicago, Illinois.  Contract No. 
AF 33(616)7329. October 15, 1956.  DDC ADIII976. 

6 Pfaff, E. R. The Effects of Nuclear Radiation on 
Electronic Components, Vol. V - Electron Tubes. 
WADC-TR-57-361 Vol V. Admiral Corp., Chicago, Illinois. 
Contract No. AF 33(6l6)7033. November 1962. DDC AD291657. 

7 Sosnovosky, Dr. H. C. Radiation Effects on Semiconductor 
Catalysts. ASD-TDR-62-233. Armour Research Foundation, 
Chicago, Illinois. Contract No. AF 33(6l6)771*0. October 1962. 

8 Goodman, M, R. Nuclear Irradiation Effects on Plastic 
and Elastomeric Materials and Components for Space 
Vehicle Applications. Report No. 9123-920003. Bell 
Aerosystems Co., Buffalo, N. Y. September 19^2. 

9 Lowrey, B. T. and Mitchell, J. C. Irradiation of a 
Telemetering System and Related Reconnaissance Sensors. 
ASD-TDR-62-!+20. Cfcäncä Vought Corp., Dallas, Texas. 
Contract No. AF 33(657)7229. May 1962. DDC AD2B3351. 
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10 

II 
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0 

Armstrong, E. L. Results of Irradiation Tests on 
Electronic Parts and Modules Conducted at the Val- 
lecitos Atomic Laboratory! Report No. SS-8hO-T!62-6j r% 
IWSC-A05^870~ Lockheed Missiles and Space Co., 
Sunnyvale, Calif.  August 27, 1962. 

11    Kaufman, A. B. and Gardner, L. B. NGL Platform Nuclear 
Radiation Program, Vol. 1. ASD-TDR-61-511 Vol. I. 
Litton Systems, Inc., Woodland Hills, Calif. Contract 
No. AF 33(600)Ul4S2. January 1962. DDC AD28Mt-45. 
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12    Kaufman, A. B. and Gardner, L. B. NGL Platform Nuclear 
Radiation Program, Vol. II-Materlal and NGL Components 
Appendices Section" A3D-TDR-61-51.1 Vol. II. Litton 
Systems, Inc., Woodland Hills, Calif. Contract No. 
AF 33(600)41452.  October 1961. 

I 13    Fritz, E. G. and Johnson, P. M. Hot-Flow Characteristics 
of Irradiated Polyethylene. Report No. NARF-63-IT, MR- 
N-300.  General rtynamics Corp., Fort Worth, Texas. 
Contract No. AF  33(657)7201. May 15, 1963. DDC AD407815. 

Ik Hanson, J. F. and Gary, H. The Effects of Gamma Induced 
lonizatlon on Electrical Properties of Printed Circuits 
and Connectors. Battelle Memorial Institute, Columbus, 
Ohio, for Chance Vought Corp. March 5^ 1959. 

j 
15 Nuclear Electronic Effects Program - Report for the 

Tenth Quarter. Bell Telephone Laboratories, Inc., 
New York, New York. Contract No. AF 33(600)-32662. 
December 31, I958.  DDC AD214533. 

16 Nuclear Electronic Effects Progran - First Triannual 
Technical Note. WADC-TN-59-295. Bell Telephone 
Laboratories, Inc., New York, New York. Contract No. 
AF 33(616)-6235. July 15, 1959. DDC AD226l68. 

17 Nuclear Electronic Effects Program - Sixth Triannual 
Technical Note. WADC-TN-61-17. Bell Telephone 
Laboratories, Inc., New York, New York. Contract No. 
AF 33(6l6)-6235. March 15, 196l. DDC AD257011L. 

18 Nuclear Electronic Effects Program - Seventh Triannual 
Technical Note. ASD-TDR-ol-137. Bell Telephone 
Laboratories, Inc., New York, New York. Contract No. 
AF 33(6l6)-6235. July 15, 196l. DDC AD26^121. 
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19   Nuclear ElectronlcB Effects Progran - Eight Trlannual 
Technical Note. ASDJTDR-62-1B9T Bell Telephone 
Laboratories, Inc., Nev York, New York. Contract No. 
AF 33(6l6)-6235. November 15, 196l. DDC AD273100. 
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I 
I 
f 
r 20 Burnett, J. R.      et al. Transducers for Nuclear Vehicles, 

'Vol. II.    ASD-TRD-62-551 Vol. II.    Bendix Corp., 
rSouthfield (Detroit), Mich. Contract No. AF 33(6l6)-8077. 

January 2k,  1962. 

21 Spears, A. B.   Effect of Radiation on the Electrical 
Properties cf Electronic Components, V-Relays. Report 
No. NARF-58-35T, MR-N-216.    General Dynamics Corp., 
Fort Worth, Texas.    Contract No. AF 33(600)-3205^. 
August 22,  1958. 

22 Howell, D.    et al. The Effects cf  Reactor Radiation on 
the Electrical Properties of Electronic Ccnponents, 
Part VI - Resistors, Vacuum Tubes, and Piego Crystals. 
Report No. NARF-50-1T, MR-N-250.    General Eynandcs 
Corp., Fort Worth, Texas.    Contract No. AF 33(600)-2391*6. 
February 1,  i960. 

23 Palmer, E. E, and Howell,  D. The Effects of Reactor 
{Radiation on the Electrical Properties cf  Electronic 

Components, Part VU - ResiBtors and Vacuum Tubes. 
Report No. NARF-61-5T, MR-N-26Ö.    General Dynamics 
Corp., Fort Worth, Texas.    Contract No. AF 33(6OO)-209i*6, 
June T, 1961. 

2h Owens, W. R.   "The Effects of Nuclear Radiation on 
High Temperature Thermistors."    General Dynamics Corp., 
Fort Worth, Texas.    Proceedings of the IRE. 
October 196l.    pp.  296-298. 

25 Bauerleln,  R. R. Effects of Irradiation on Plastic 
Laminates.    Report No. NARF-59-OT, MR-N-225.    General 
Efynamlcs Corp., Port Worth, Texas.    Contract No. 
AF 33(600)-32054.    February 1959. 

26 Haley, F. A. Effects of Mixed-Field Radiation on Air- 
craft Fuels - I.  Report No. NARF-58-7T, MR-N-19». 
General Dynamics Corp., Fort Worth, Texas.    Contract 
No.    AF 33(600)-32054.    February 3,  1958. 
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28 Saelens,  R.  G.  Nuclear Radiation Effects on the Cold 
Cathode-Type Electron Tube at  the Curtis-Wright 
Five-Megavatt Research Reactor.    USASRDL-TR-2153. 
U.  S. Army Signal Research and Development Laboratory, 
Ft. Monmouth, N. J.      DA Task No.  3A99-1300101. 
December  i960.     DDC AD251147. 

30 Hallmark,  W.  C.  Radiation Effects  Study for TERCOM. 
ASD-TDR-62-55O.     Chance Vou^ht  Corp.,  Dallas, Texas. 
Contract No. AF 33(6lü)-7250,    May 1962.    DDC AD284191. 

31 Aerothermodynamic  Data and  Design Criteria Pertinent 
to the  Development  of the Propulsion System of a 
Supersonic  Low-Altitude,  Nuclear Propelled Vehicle, 
Part II  - Technical Information,  Series III   - Analysis 
and Tests, Vol.  13 - Experimental Nuclear Radiation 
Effects Results.    ASD-TDR-63-I65 Vol.  13.    Chance Vought 
Corporation,  Dallas, Texas.    Contract No. AF 33(65T)-0686. 
March I963. 

3? Lockheed Progress Report #10  - Snapshot Irradiation. 
Report  No.  3U7.60.00.00-E9-06.     Ixsckheed Aircraft Corp. 
Sunnyvale,  Calif.    March 1,  1962. 

33 Hocraffer, V.  D.  Permanent Effects of Gamma Radiation 
on Various Switches.    Laboratory Test Report No.  15027-1, 
File Reference #6335, Micro Switch Division, Minneapolis- 
Hen eywell Regulator Co.,  Freeport,  Illinois. 
December 30,   i960. 

3lf Walker,  R.  C.     and Scarborough, J.  R.  Nucleax Radiation 
Effects Test  on Thermal and Silver-Zinc Batteries. 
Report  No.  CVC 2-53010/2RU15.     Chance Vought Corp., 
Dallas,  Texas.     July 1962. 
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27    Gersteln, B., Schlueter, A. and Puezo, A.Effects of 

Nuclear Radiaticrt on Quartz Crystal Units. Report No. 
3. Admiral Corp., Chicago, Illinois. Contract No. 
DA36-039-SC-85322. March 30, 1962. DDC AD2778l4. 

f] 

fl 
29    Crewe, A. V. Reactor Development Program Progress 

Report. ANL-6619. Argonne National Laboratory, 
Argonne, Illinois. AEC Contract No. W-31-109-eng-38. 
September 1962. 
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35 M and TC System Study - Final Engineering Report, 
Vol. I, Part I.  Report No. BSR 371. Bendix Corp., 
Ann Arbor, Mich. Contract No. AF 33(6OO)-35026. 
December I960. 

36 Lockheed Progress Report #7 - Snapshot Irradiation. 
No. IDC 65337025. Lockheed Aircraft Corporation, 
Sunnyvale, Calif. February 1962. 

37 Walker, R. C. and Scarborough, J. R. Nuclear 
Radiation Effects Test of an Acceleration Integrating 
Svltch. Report No. CVC 2-53010/2R507.  Chance Vought 
Corp., Dallas, Texas. June 1962. 

38 Scarborough, J. R. Nuclear Radiation Effects Tests of 
a Permanent Magnet Generator. Report No. CVC 2-53010/ 
2R506. Chance Vought Corp., Dallas, Texas. June 1962. 

39 Scarborough, J. R. Nuclear Radiation Effects Test of 
a Rotary Actuator. 'Report No. CVC 2-53010/2R3Ö0. 
Chance Vought Corp., Dallas, Texas. March 19, 1962. 

kO Walker, R. C, and Scarborough, J. R. Nuclear Radiation 
Effects Test of an Electromechanical Repeat Cycle Timer. 
Report No. CVC 2-53010/2R508. Chance Vought Corp., 
Dallas, Texas. June 1962. 

kl Bradford, E. W. Irradiation Test of Selected Transducers. 
Report No. NARF-61-2W, MR-N-265. General Dynamics Corp., 
Ft.  Worth, Texas. Contract No. AF 33(657)-7201. 
December 15, 196l. 

k2    ■ Moss, R. W. , Kooi, C. F. and Baldwin, M. E. 
Neutron and Gamma Irradiation of Some Square Loop and 
Mlcrovave Forrltes. AIEE Conference Paper No, 
CP60-1015. Boeing Airplane Co.^ Seattle, Washington 
and Lockheed Aircraft Corp., Palo Alto, Calif. 
August i960. 

43       Dorst, S. 0. and Wurzel, L. H. "The Effect of Radiation 
Enviomraent on Film Resistors."  Sprague Electric Co., 
Nashua, N. H.  IRE Convention Record. March 26-29, 1962. 
Part 6. pp. 206-214. 
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45      Pryor, II; S.G. Reliability Testing of Capacitors In n 
Combined Environments. Nuclear Report No. 116. 
Lockheed Aircraft Corp., Georgia Div., Marietta, Ga. 
Contract No. AF 33(600)-38947.  December i960. 
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Number 

kk Haley, F. A. Effects of Mixed-Field Radiation on 
Lubrication Oils.  Report No. NARF-61-22T, MR-N-281. 
General. I>ynairiics Corp., Ft. Worth, Texas. Contract 
No. AF 33(657)-7201. November 15, 196l, 

'+6      Fritz, E. G. and Johnson, P. M. Compression-Set 
Behavior of Irradiated Elastomers. Report■No. NARF-. 
62-lOT, MP:-N-296.  General Dynamics, Ft. Worth, Texas 
Contract No. .AT 33(657)-7201. August 1962. 

h9 Gpencer, R. Development and Evaluation of Electron 
Tube Glasses Resistant to Radiation Damage. 2nd 
Series - Annual Procress Report.  Chatham Electronics 
Div. of Tunn-Sol Electric, Inc., Livingston, N . J. 
Contract No. DA36-039-SC-78312. May 1, i960. 
DDC AD2U3561. 

50       Shellhase, E. C.  ct al. T^ffects of Reactor Ir- 
radiation on the Properties of Mix-Bis (Fhencxyphenyl) 
Ether Operatinf; in a Hydraulic Punp Loop. Report 
Nol nARF-62-3T, MR-TI-292.  General Dynamics Corp., 
Ft. Worth, Texas.Contract No. AF33(657)-7201. 
March 30, 1962. 
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47 MacCullen,  A. Gamma Irradiation of an Electro- ,, 

Hydraulic Ser/o Test Loop Using Oronite 8515 Hydraulic 
Fluid. WADC-TR-59-592. Lockheed Aircraft Corp., GNL, 
Dawsonvllle, Ga. Contract No. AF 33(600)-38947. Jan, i960. 

D k'i'> Voyce, A. M, A New Txjv-Frequency Anplifler with 
Radiation-Tolerant Properties. Report No. NARF- 
uO-20-T, MR-II-257. General Dynamics Corp., ri 
Ft. Worth, Texas,  Contract No. AF 33(600)-389^6. 
December 30, i960. 
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51 Scarborough, J.  P.  and Laden,  3.  C. Nuclear Radiation 
Effects Test of an Air Turbine Drive Generator Set. 
Report No.  CVC 2-53010/2R50077.     Chance Vought  Corp., 
Dallas, Texas.  Contract No. AF 33(6l6)-7250. July 1962. 
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Mitchell, J. C. Hlah-Flux Irradiation of Slectronlc 
Camponents. Report Ho. CVC AER-E1R-2-53-1-/2R379 
Ciance Vourjit Corp., Dallas, Texas. March 15, 1902 

toekheed 'Inapshot Progress Report No. 11 at GB 
7allecltos Laboratory7 Report No. 3^7.60.00.00-E9-10. 
Lockheed Aircraft Corp., Sunnyvale, Calif. May 1962. 

Howoll, Jr., D. D. , et al.  Irradiation of an 
A:i/ARC-3^ Transceiver. Nuclear Report Ko. 80. 
I/icWieed Aircraft Corp., Georgia Div., Marietta, Ga. 
Contract No. AF 33('JOO)-32055 and AF 33 (600)-389^7. 
February I960. 

Zelner, Cipt. USAF, M.E. and Johnson, D. R. Radiation 
Effects on Electrünic Components: A Comparison of 
Fapor Capacitors Impresnated with Vitamin Q Mineral 
Oil and Bis-(P-Phenoxypher.yl) Ether. WADC-TR-60-645. 
Wright-Patterson AFB,0hio. Project 7360. November i960 

Keller, P. L. Nuclear Radiation of Reinforced Plastic 
.Materials. '.v'ADC-TK-?3-296 Supplement I. Wright- 
Patterson AFP, Ohio.  Project No. 73'*0. December 1959. 

Schmidt, D. L, and Johnson R. H. l/Lt's U.S.A.F. 
Effects of Qamma Radiation on Aircraft Transparent 
Materials^ Part T. WADC-TR-56-557. Wright-Patterson 
AFB, Ohio.  Project 7340. March 1957. DDC ADllSlll. 

Harrt■ P.   and  Bumpas,  Jr.,  C.  F.  Pressure and 
Temporaturc Instrumentation for Dynamic Measurements 
in the KEWB Pro^raj.i.     Report JAA-SB-^709. 
Atonlcr, International Division of  North American 
Aviation, Inc.jCmoga, Calif. Contract TIo. AT 
(ll-l)-Gen-3. Novenber i960. 

Sery, R, S. et. al. Radiation Damage Thresholds for 
Permanent Magnets. "OTTP ■'il-'ö. U.S. Naval Ordnance 
Labs., White Oak, Maryland. Task No. RRT-IA-02008/2121/ 
R007-01-001.  fjiy 1 '., 1961.  DDC AD262051. 

rects of Nuclear Radiation Pfaff, E. R.  ?ne _     ^   
Electronic C inoonentr.,  Piiasc 2.  Scientific 
Report Ho. 1.  Admiral Corporation, Chicago, Illinois. 
Contract No. AF 33(ol6)-5J+o4. April 1958. DDC ADI59900. 
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Sery, R. S. and Gordon, D 
on Ferromagnetic Core iMaterial. 
U. S. Ilaval Ordnance Lab., White Oak, Maryland. 
Juno 3, 1958.  DDC AJ0202kOk. 

I. Nuclear Irradiation Effects 
~NAVORD Report 6127. 

Gardner, L. B.  et al. Field-Effects Device Nautron 
Irradiation.  Litton Corp., Woodland Hills, Calif, 
and Chance Vought Corp., Dallas, Texas. January 1962. 

Car.pbcll, F. J. Effects of Combining Thermal and 
Kadiation Environments on Magnet Wire Life 
Report. U 
April 1963. 

Progress 
S. Naval Research Laboratory, Washineton, D.C, 

Dcchor, L. A. The Effect of Radiation and Nitric Acid- 
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Report No. IDO-l'i-59ö-  Phillips Petroleuin Co., Idaho 
Fails, Idaho. Contract No. AT(lO-l)-205. 
Decersber 10, 1962. 

Rogers, J. and Craig, C. L. Degradation of Electrical 
Insulation from Reactor Irradiation. AIEE Conference 
Paper No. CP 62-1297. 
Great Meek, "lev; York. 

Gpr^rry Gyroscope Company, 
June 1962. 

Gordon, D. I. .arid Sery, R. S. Effects of Charged 
Particles and Neutrons on Magnetic Materials. 
IEEE Transactions Piper No. 03.050.  U. S. Naval 
Ordnance Laboratory, Silver Spring, Maryland. 
June 1963. 

Kaufman, A. B.  "Which Soft Solder for Nuclear 
Service?" Litton I dustrles, Woodland Hills, Calif. 
Reprint from Material.". In Design Engineering. 
February 1.XJ0. pp. 37-90. 

Borsoff, V. N.  et al. High Temperature Lubrication 
in the Presence of Nuclear Irradiation. WADD-TR-60-J4.24- 
Shell Development Co., Emeryville, Calif.  Contract 
No. AF 33(6l6)-665o.  November I960. 

Fritz, E. G. and Johnson, R. M. Compression - Get 
Behavior of Irradiated Silicone Elastomers.Report 
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Final Development Report For Evaluation-Development 
of MIL-C-m.57B Capacitors for Nuclear Radiation 
Environments. Admiral Corp., Chicago, Illinois. 
Contract No. NObsr-77612. Aucust 21,  196l. DDC ADSS^OkS. 

Ayer, J. E, and Pokomy, G, J. The Performance of a 
Motor, a Switch, and Two Types of Pressure Pickup 
in a High Gamma-Flux EnvironmentT AIIL-6347. 
Argonne National Laboratory, Argonne, Illinois. 
Contract No. i7-3l-l09-eng-33. June 1961. 

Pfaff, E. R. The Effects of Nuclear Radiation on 
Electronic Components, Phase 2.  Scientific Report 
;'"'.  Admiral Corp., Chicago, Illinois. Contract 
No. AF 33 (6l6)-5W>4.  February i960. DDC AD236450. 

Horrocks, L. A. , l/Lt. USAF. The Effects of Nuclear 
Radiation on Military Specification Paints. 
V/ADC-TR-57-186. Wrl#it-Patterson AFB, Ohio. 
Project 7312. November 1957. DDC ADlh21k3. 

Pfaff, E. R. The Nuclear Radiation on Electronic 
Co-npononts^ Fnase 2. Scientific Report #2. Admiral 
Corp., Chicago, Illinois. Contract No. AF 33(6oo)-5464. 
July 195p'.  DDC AD200273. 

Byer, A. Nuclear Radiation Resistant Power Transistors. 
Final Report.  Fnilco Corp., Landsdale, Penn. 
Contract No. DA36-039-SC-78307. July i960. DDC AD249085. 
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PULSE IRRADIATION 

Some Effects of Pulse Neutron Radiation on Electronic 
Conponents - III, Results of Januar;'- 1959 Godiva Test 
Series. International Business Machines Corp., 
Owego. New York. DDC AD23Vr68. 

Some Effects of Pulsed Neutron Radiation on Blectronie 
Components - II, Results of August"195^ Godiva Test 
Scries.  International Business Machines Corp., 
Ov-eßo, ITei/ York. DDC AT)23kj6j 

Conrad, E. E. and Marcus M, Qemma Induced 
Photoconductivity in a Polyethylene Terephtahalate 
Capacitor.  DOFL TR-1037.  Diamond Ordnance Fuze 
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5.0 LIST OF ABBR3VIATI0NS USED IK DESIGN ALLOWABLES 

absolute. . abs 
alternating-current (as adj.only) a-c 
American wire gauge Awg 
ampere amp 
ampere-hour amp-hr 
amplification factor of vacuum tube .   .   .   . V 
amplitude modulated(as noun or adj.). . . AM 
atmosphere atm 
audio-frequency (as adj . only) a-f 
average avg 
Balance bal 
British thermal unit Btu 
calorie eal 
centimeter  .cm 
centimeter-6ram-second(system)  cgs 
centistokes OS 
circular-mil (adjective) cir-mil 
coefficient coeff 
counter electromotive force  cemf 
cubic cu 
current   I 
cycles per second cps 
decibel  db 
power in decibels referred to 1 milliwatt.dbm 
degree deg 
degree (angular measure) 0 

degree centigrade   C 
degree Fahrenheit   F 
diffused diff 
diameter • diam 
direct-current (as adj. only) d-c 
dissipation factor    D.F.or Diss.F 
electric elec 
electromotive force   emf 
ergs/gm-(C) e/g-c 
foot ft 
frequency freq 
frequency modulated (as noun or adj.) . . FM 
Germanium Ge 
&"wn gm 
gravitational acceleration g 
henry h 
hermetically sealed   H.S.or Herrn.S 
horsepower hp 
hour hr 
impedance   ...... Z 
inch in 
intermediate-frequency (as adj.) i-f 
Insulation Resistance IR 
kilocycles per second Kc 
kiloroegacycles KMc 
kilometer km 
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kilovolt fcv 
kilovolt-ampere kva 
kilowatt kw 
magnetomotive force . mmf 
maximum max 
megacycle Mc 
megavoIt-ampere   mva 
megawatt Mw 
microampere  . /«a 
microfarad ^«f or mf 
micromicrofarad  Mitt  or pf 
micromicron   ^ 
micron tt 
microsecond .fcsec 
microvolt /«v 
microwatt ^w 
milliampere ma 
millihenry mh 
millimeter mm 
millimicron m|i 
millivolt nw 
minimum min 
minute ml 
ohm ( fl )  spell out 
ohm-centimeter, , ohm-cm 
ounce oz 
pound lb 
pound per square inch psi 
pound per square inch gauge . . . ,psig 
power pwr 
primary pri 
pulse time modulation PTM 
radio-frequency (as adj.)   r-f 
recoramended rec 
resistance    R 
revolutions per minute rpm 
short-circuit ratio   scr 
signal-to-noise ratio   s/n 
single side band ssb 
square sq 
standing-wave ratio   swr 
superhigh frequency   shf 
temperature temp 
thousand M 
transformer  .Xfmr 
transistor    Xsistpr 
ultrahigh frequency   uhf 
ver; high frequency vhf 
volt V 
volt-ampere va 
watt W 
vatthour whr 
; ard yd 
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6.0 CONVERSION FACTORS 

To permit compariBon of data from various sources« re- 
ported in a variety of units, it is frequently necessary to convert 
to a standard set of units. The standard units used in this doc- 
ument are ergs/gm-(c) for electromagnetic radiation and particles/ 
cm2 for any type of paxticulate radiation. In many cases, insuffi- 
cient information is presented to permit an accurate conversion. 
The values, narked with an asterisk, are approximately correct 
for hydrocarbons, assuming an average energy of 1 Mev for the 
radiation. These values should be used with caution and only in 
cases where more applicable infonnation is not available. 

To Convert To 

Rads (for any material) ergs/gm (of that material) 

Roentgen 

Roentgen 

Rep 

Rep 

Rad (Tissue) 

Rad (water) 

*(1) Photons/era2 

*Rep/hr 

■»Rad/hr 

*(2) Rem/hr 

** Photons/cm2 

ergs/gm-(c) 

ergs/gm (Tissue) 

ergs/gm-(c) 

ergs/gm (Tissue) 

ergs/gm-(c) 

ergs/gm-(C) 

rep 

n/cm2-Sec 

n/cm2-Sec 

n/cm2-Sec 

ergs/gm-(c) 

Multiply By 

100 

87.7 

96.4 

84.6 

93.0 

90.9 

90.0 

5 x lO"10 

7.1 x 10k 

8.3 x 104 

8.3 x lo3 

I 

5.7 x 10 -8 

I 
» Based on average energy of 1 Mev 
(1) For any energy other than 1 Mev, See Figure 2 
(2) For any energy other than 1 Mev, See Figure 3 
»* Based on Co-oO source 
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7.0 RADIATION EFFECTS FACILITIES UFILIZED  IN CBNBRATING 
TEST DATA REFERENCED IN THIS REPORT 

7 1        STEADY-STATE REACTOR FACILITIES 

Argonne Research Reactor CP-5 
Argonne National Laboratory 
Argonne, Illinois 

R. E. No. 1, 2, 3, k,  5, 6, 11, 12, 59, 60, 66, 72, 7^ 

Battelle Research Reactor 
Battelle Memorial Institute 
Columbus, Ohio 

R. E. No. 52, 65 

R. E. No. 15, 16, 17, ^9, 59, 61, 65, 66 

Curtiss-4/r 1 ght Research Reactor 
Curtiss-Wnght Corporation 
Quehannr,   ^ennsylvemia 

R.  E.  No.   28,   75 

R. E.  No.  35 

Genera    Electric Nuclear Test Reactor  (GENTR) 
Valltcitos Atomic laboratory 
PleB'santon,  California 

R. K.  No. 10, 32, 36, 53 

I 
: 

T 

: 

■■ 

Brookhaven Research Reactor 
Brookhaven National Laboratory 
Upton, New York 

1! 

.. 
Ford Nur".ear Reactor 
Universi-.;/ of Michigan 
Ann Arbor, Michigan 

.. 
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I 
Georgia Nuclear Laboratories Radiation Effects Reactor 
(GNL) 
Lockheed-Georgia Company 
Marietta, Georgia 

R. E. No. h3,   ^ 

Grounci Test Reactor (GTR) 
General Eyiiacjics Corporation 
Fort Worth,  Texas 

R.  E.  No,  9,  11,  12,  13,  21,   22,  23,  2k,  25,  26,   30,   31, 
3^,  37,  38,  39, **0, hi, kk, k6, hd, 50,  51, 62, 69 

Materials Testing Reactor (MTR) 
National Reactor Testing Station 
Idaho Falls, Idaho 

R. E. No. kZ,   56, 58 

MTB. tc  ETR Spent Fuel Radiation Irradiation Facility 
Idaho Falls, Idaho 

R. E. No. ko,  64 

MIT Research Reactor 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 

R. E. No. 75 

Oak Ridge Research Reactor 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 

R. E. No. 58 

Penn St, Research Reactor 
Penn St. University 
University Park, Pennsylvania 

R. E. No. 16, IT, 18, 19, 75 

I 
I 
i 
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7.2        GAMMA SOURCES AJfD PARTICLE ACCELERATORS 

Admiral Cobalt-6o Source 
Admiral Corporation 
Chicago, Illinois 

R. E. No. 1, 2, 3, 6, Go,  JO,   Jk 

Argonne Cyclotron and Linear Accelerator Facility 
Argonne. Nati onal Laboratory 

R. E. No. 27 

R. E. No. 7 

Bell Telephone Laboratories Cobalt-6o Gararaa Cell 
New Yori. New York 

R. E. Nc. 17 

Brookhaven Gamma Irradiation Facility 
Brookhavon National Laboratory 
Upton, New York 

R. E. No. 19 

2Ü4 

: 

: 

: 

Argoi ? Iligi". Level Gamma Irradiation Facility 
Argor.i ■ Nat: onal Laborator\' 
Argonne, Illinois 

R. E. No. 8, 33, 71 

ii 
Armour Research Ion Bombardment Chamber 
Armour Research Foundation 
Chicago, Illinois 

Batterie Garama-Irradiation Facility 
Batteile Memorial Institute 
Columbus, Ohio 

R. E. No. Ik 

i 
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I 

Cook Technological Gamma Facility 
Cook Electric Company 
Morton Grove, Illinois 

R. E. No. 1+7 

General Atomics ^5 Mev Linear Accelerator 
General Dynamics Corporation 
San Diego, California 

R. E. No. 213 

Shell Van de Graaff Accelerator 
Shell Development Compemy 

R. E. No. 68 

University of Minnesota Gamma-Irradiation Facility 
University of Minnesota 

R. E. No. 33 

Van de Graaff (WNYRC) 
Western New York Research Center, Inc. 
Buffalo, New York 

R. E. No. 8 

WADD Cobalt-6o Source 
Wright-Patterson Air Force  Base,  Ohio 

R. E. No. 11,  12,   55,  57, 73 

Miscellaneous Cobalt-6o Sources 

R. E. No. 63 

7.3        PULSED REACTORS 

DOFL TRIGA Mark F 
Harr;,- Diamond Laboratories 
Washington, D. C. 

K. E.'No. 202 
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General Atomics TRIGA Mark F 
General Dynamics Corporation 
Torrey Pines,  California 

R.  E. No.  20T 

Godiva 
Los Alamos Scientific Laboratory- 
Los Alamos, New Mexico 

R. E. No. 200, 201, 203, 20!?, 209, 210, 2l6 

KEV.'B (Kinetic Experiments  on Water Boilers) 
National Reactor Testing Station 
Inaho Falls,  Idaho 

Kukla 
Lawrence Radiation Laboratory 
Livermore,   California 

R.  E.  No.  208 

C?RF  (Sandia Pulsed Reactor Facility) 
Sandia Corporation 
Albuquerque,   Nev Mexico 

R.   E.   Ho.   11,   12,   30,   20k,   206,   212,   21^ 

References for a detailed description of the above 
facilities. 

2b6 

: 

■ 

2 
: 

: 

R.  E. No.  215 

(')     "'.■:■    u;,   "I. J.   %id  Vo-K-ie,  Jr.    .'.  H.   ourve^ of 
IXToAi ioi >n  ? icllltle£.     IMC Report Mo.   31  (P-irt l). 
iattelle    :enor.lnl T :ütitAitc,  Columbus,   Ohio.     Contract 

:To.     'C   ■'<( :o")-Vy;'5.    September 15,  19o3. 

(0)     Haur.an,   D. J.  and Yeazie, Jr. '..'. 11.  Survey: of 
j article  Accelerators^.     REIC Keport Ho.   31  (Part  II). 
Battelle "c. .orinl  Institute,  C-^lumbus,   Ohio.    Contract 
"-.  AF 33(''>5T)-1'V0 5.    Septerber 15, 1953. 
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8.0 ADDITIONAL REFERENCES 

The following list of references may be consulted for 
additional radiation effects information. These reports vere 
received after the cut-off date for tabulating the "Design Allowables" 
and,  therefore, were not used in this study. 

1. Chapin, W. E. et al. Space-Radiation Damage to Electronic 
Components and Materials. REIC Report Ho. 32. Battelle Memorial 
Institute, Columbus, Ohio. Contract No. AF 33(657)-10085. 
October 30, 1963. 

2. Curtsinger, B. E. Effects of Irradiation on Three Silicone 
Dielectric Fluids. Report No. NARF-63-7T, FZK-9-1ÖÖ. General 
Dynamics Corp., Fort Worth, Texas. Contract No. AF 33(657)-7201. 
July 31, 1963. 

■ 

■ 

3. Burnett, J. R. et al. Calibration of Pressure Transducers for 
Pluto Radiation Environments. Report No. S-23Ö-R. Sdgerton. 
Germeshausen and Grier, Inc., Santa Barbara, California. 
Contract No. SANL T30/3186005 for University of California, 
Lawrence Radiation Laboratory. August 1963. 

k.    Study of Effect of High-Intensity Pulsed Nuclear Bjtdlation on 
Electronic Parts and Materials (SCORRE), Report No. IGJ IBM 
Report Ho. 63-928-12. IBM Corp., OweRO, II.Y.  Contract No. 
DA 36-039SC-Ö5395. January 31, 1963- DDC AD40^93. 

5. Wicklein, H. W. et al. Godiva III Minuteman Radiation Effects 
Tests, October 1960.  IDEP Report No. 347.6O.0O.0O-C6-01. 
Boeing Airplane Company, Seattle, Washington. Contract No. 
AF 04(647)-289. December 30, i960.  DDC AD271339. 

6. Shatzkes, M. and Boyd, G. Study of Effect of High-Intensity 
Pulsed Nuclear Radiation on Electronic Parts and Materials 
(SCORRE), Report NoTlT  IBM Report No. 61-521-10.  IBM Corp., 
Owego, New York.  Contract No. DA 36-O39SC65395.  September 
30, 1961.  DDC AD267398. 

Study of Effect of High-Intensity Pulsed Nuclear Radiation on 
■"'■ "   ~^ ' '  "      IBM (Electronic Parts and Materials (SCORRE)', Report Ho. 6. 

Report No. 62-521-3' IBM Corporation, Owego, New York. 
Contract No. DA 36-039SC85395. December 31, 196l. DDC AD 273701. 

18. Study of Effect of High-Intensity Pulsed Nuclear Radiation on 
Electronic Parts and Materials (SCORRE), Report No. 2. 155 
Report No. 61-521-1.  IBM Corporation, Owego, New York. 

. Contract No. DA 36-039SC85395. December 31, i960. DDC ArG52023. 
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9« Pulsed Radiation Effects on Electronic Ccmponents, Second 
Triannual Report" IBM Report No. 60-521-10. IBM Corporation, n 
Owego, Nev York. Contract No. AF 33(600)-^0462. October 31, 
1960. DDC AD245538L. 

10. Pulsed Radiation Effects on Electronic Components, Third 
Triannual Report. IBM Report No. 60-521-2. IBM Corporation, ** 
Owego, New York. Contract No. AF 33(6oO)-4o462. February 28, 
1961. DDC AD253120L. 

11. Wong, H. Y. and Price, W. E. Final Report on Evaluation of 
Field-Effect Transistors. Report No. IM5D Ö-19-62-12. 
Lockheed Missiles and Space Company, Sunnyvale, California. 
October h,  1902. 

12. Lehr, L. J. et al. Equipment I^sign Consideration for Space 
Enviromaent. IEEP Report No. y*7.bO.00.00-bk.    Space Technology 
Laboratories, Inc., Los Angeles, CaJ.ifomia. February 1902. 
DDC AD28ü,^l. 

Liboratories, Inc., New York, Hew York. Contract No. AF 
33(cie)-6235, March 15, 1962. DDC AD2TBl8l. 

18.  HEEP-Nuclear Elect-ronlc Effects Progrtun, Eleventh Triannual 
Technical Note.  Report No. .■vSD-TDR-62-1101.  Bell Telephone 
Laboratories, Inc., New YorK, New York. Contract No. AF 
3^(6l6)-6235. October 31, 1962. 

: 
13. Ihnat, M. E. Radiation From Space Powerplants and Its Effect 

Upon Material. RAD-9-TM-60-Ö2. Avco Corporation, Wilmington, 
Massachusetts. Contract No. AF 04(6'+7)-305. January 9, 1961. 
DDC AD249502. 

1^.  Hamre, H. G.  et al.  Semiconductor Diode Performance in Nuclear 
Radiation Environments.  Report No. ASD-TDR-02-12. Annour 
Research Foundation, Chicago, lUinois. Contract No. AF 33(6i6)- 
7329. my  1962. 

15-  Aboaf, J. A.  et al.  Irradiation Damage to "lass. Bausch and 
Lorab, Incorporated, Rochester, New York. Contract No. AT 
(39_1).1312.  November 1961. 

16. Magee, R. M. et al. Study to Determine Effects of Fission 
Product Gamma Radiation on Electronic Parts ana Equipment, 
Final Report.  Report No. BSC 39655-  Bendix Corporation, 
Ami Arbor, Michigan.  Contract No. NCIbsr-8726T. August 1963. 

17.  NEEF-Nuclear Electronic Effectc Program, Ninth Triannual 
Technical Note.  Report No. ASD-TDR-62-477. Bell Telephone 
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19. Fritz, E. G. and Johnson, P. M. Tensile Behavior and Molecular 
Characteristics of Irradiated Elastomers. Report No. NARF-62-8T, 
MR-N-27^.  General Dynamics Corporation, Fort Worth, Texas. 
Coatract No. AF 33(65T)-7201. July 1962. 

20. Fritz, E. G. and Johnson, P. M.  Stress-Strain Behavior of 
Irradiated Polyurethane Elastomers"!  Report No. NABF-62-2T, MR 
MR-N-293-  General Dynamics Corporation, Fort Worth, Texas. 
Contract No. AF 33(657)-7201.  February 23, 1962. 

21. Wattier, D. M. et al. Effects of Reactor Radiation on the 
Engineering Properties of Elastomers and Plastics.  Report No. 
NARF-62-5T, FZK^-IT^.  General Dynamics Corporation, Fort Worth, 
Texas.  Contract No. AF 33(657)-T201. June 1962. 

22. Fritz, E. G. and Johnson, F. M.  Ultimate and Pseudo-Bqulllbrlum 
Tensile Properties of Irradiated Elastomers.  Report No. NARF- 
)2-Tr, :~-T:-295.  General Dynamics Corp., Ft. V/orth, Texas. 
Contract V.o.  AF 33('''57)-7201. August 1962. 

23. Hopkins, G. R. et al. Transient Radiation Effects on Coaxial 
Cables.  Report No. GA-3616.  General Atomics Division of 
General Dynamics Corporation, San Diego, California.  Contract 
No. DA 36-039-SC-89196.  December l8, I962.  DDC AD295J+86. 

2k.     Poll, R. A. and Van Lint, V. A. J.  Transient Radiation Effects 
in Pressure Transducers.  Report No. AFSWC-TDR-62-63.  General 
Atomics Division of General Dynamics Corporation, San Diego, 
California.  Contract No. AF 29(601)-J+953. June 1962. NASA 
N62-l6lT1t. 

23.  Colley, H. C. A Report of the In-Pile Testing of 12 Bourns 
Trimpots - XCI-^2l  Report No. DC 59-11-196.  General Electric 
Company, Cincinnati, Ohio.  November 11, 1959- 

26. Jaffe, L. D.  Effects of Space Environment Upon Plastics and 
Elastomers.  Technical Report No. 32-176. Jet Propulsion 
Laboratory of California Institute of Technology, Pasadena, 
California.  Contract No. NASw-6. November l6, 1961.  DDC 
AD2684 32. 

27. Research and Investigation on Radiation Resistant High 
Tempt?rature Thermonic Circuitry"  Report No. ASD-TDR-62-1039. 
General Electric Company, Owensboro, Kentucky.  Contract No. 
AF 33(6l6)-8096.  December 1962. 

28.  Perkins, C. W. Transient Radiation Effects on Passive Parts, 
Second Quarterly Progress Report.  Report No. FR 63-17-37' 

I Hughes Aircraft Company, Fullerton, California. Contract No. 
DA 36-039-SC-89112.  November 30, 1962.  DDC AD296830. 



29. Golub, M. A. and Walrath, R. L.  Radiation-Induced Reactions 
in Swollen Polymers. Report No. PMU-4062. Stanford Research 

30. Falk, R. A. Nuclear Radiation Resistant Gyroscope Bearing 
Lubricants and Flctation Media, Part I. Report No. WADD-TR-60- 
753 Part I. Sperry Gyroscope Company, Great Neck, New York. 
Contract No. AF 33(6l6)-6l8T.  March 1961. 

36. Ebeoglu, D. B. and Saur, A. J.  Transient Radiation Effects in 
Electronic Materials, Report No. 3.  Report No. AI-TÖ60.  Atomics 
International Divirion of North American Aviation, Inc., Canoga 
Park, California.  Contract No. MIPR R62-l6SC-00-93.  December 
26. 1962.  DDC ADU01170. 
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Institute,  Menlo Park,   California.     Contract No.  AT(OU-3)-115 
November  30,   1962. 

: 
31. Honaker, W. C. and Bryant, F. R.  Irradiation Effects of hp  and 

khO  MEV Protons on Transistors.  Report No. NASA-TND-1U90. 
Langley Research Center, Langley Field, Virginia.  January 1963. 

32. Rendler, N. J.  Apparatus for In-pile Electrical Measurements 
and Effect of Radiation Upon Strain Guage Insulation Components. 
NBL Report No. 'yb'Jh.    U. S. Naval Research Laboratory, 
Washington, D. C.  October 2, 1961.  DDC AD265773. 

33- Schindler, A. I.  The Effects of Irradiation on Magnetic 
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